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CHAPTER I 
INTRODUCTION 
1 
The experience of after movement is a common one for 
most people. If we watch a waterfall for a short time and 
then switch our regard to a stationary object, it appears 
to move upward. If we gaze at the wake of a boat for sever-
al minutes and then look at the shore, it Will appear to 
rush toward us. These are both instances of negative after 
movement. 
In general, any repetitive stimulation Will alter the 
perception of subsequent stimulation. Figural aftereffects 
have been studied for static contours and have been shown 
to occur for the auditory and kinaesthetic modalities as 
well as for vision. 
The Archimedes spiral aftereffect has gained attention 
of clinicians since it has been applied to the problem of 
diagnosing brain damage. Adequate techniques for assessing 
the aftereffect have been lacking and consequently careful 
manipulation of the parameters of the instrument have not 
been possible. 
The purpose of the present study is twofold. First a 
new technique for assessing the extent of aftereffect is 
utilized; and second, one parameter of the spiral, speed 
of rotation, is systematically examined. 
Extant theories of figural aftereffects are based on 
2 
static stimulation. An attempt will be made to explain the 
effect of speed on the spiral after movement by an extension 
of one of the theories proposed for classical figural after-
effects. 
3 
CHAPTER II 
REVIEW OF THE LITERATURE AND BACKGROUND 
This study is concerned with one parameter of the spiral 
aftereffect, rotation speed; therefore the studies reviewed 
here will deal only with classical figural aftereffect stu-
~es when they relate directly to some aspect of this pheno-
menon. 
This chapter will cover three major areas. First to 
be presented Will be the clinical studies on the spiral af-
tereffect with cortifally damaged patients; then follows a 
review of other related phenomena with the brain injured; 
and last will be the history of the spiral aftereffect phe-
nomenon and the findings already established along with the 
theories proposed to explain it. 
A general description of the spiral aftereffect and the 
manner in which it is usually achieved is included here to 
clarify the discussion of the relevant studies. A spiral of 
920 degrees, usually two and one-half circuits about the 
center, and ranging from six to ten inches in diameter is 
rotated at approximately 79 or 100 rpm. The subject is told 
to fixate the center of the spiral for a given inspection 
period, ranging from 30 to 60 seconds. Then the spiral is 
stopped and is used as the test<stimulus itself, or the sub-
ject switches his regard to a picture, a face or a circular 
patch and he is asked to describe whether he sees it expand. 
4 
The spiral can either be turned in the direction in which it 
loops or in the opposite direction. In the former case, the 
illusion upon viewing the spiral is of contraction, and the 
aftereffect is expansion. When turned in the opposite direc-
tion, the illusion during the inspection period is of ex-
pansion and the aftereffect on viewing a test object is con-
traction. In both cases the spiral aftereffect is a nega-
tive one. There is some evidence that the two spirals are 
not of equal difficulty. In pre-testing for this study, the 
spiral turned to contract during inspection and expand on 
1 
aftereffect appeared the easiest to achieve. Deabler found 
this tendency to hold for his subjects as well. 
The spiral aftereffect has gained attention because of 
its unusual diagnostic ability with organics and because it 
differentiates schizophrenic from organic patients. Many of 
our assessment procedures rely on global measures and inter-
est in the spiral is concomitant with an ongoing trend in 
2 psychology. As Klebano:ff, Singer and Wilensky point out: 
"Perceptual research with the brain injured suggests 
that the repertory of the psychologist in examination 
of the neurological patient soon may be augmented by 
the use of laboratory 1 brass instrument• techniques. 
The value of these perceptual techniques in localization 
of lesions remains equivocal. It seems clear, never-
1. A personal communication, Sept. 6, 1957. 
2. Klebanoff, s., Singer, J. and Wilensky, n., Psychological 
Consequences of Brain Les1ons and Ablations, Psychol. Bull., 
1954, .21, 11. 
theless, that subtle perceptual impairments or reorgan-
ization following cerebral injury are most clearly 
brought out by intensive laboratory examination rather 
than by widely used global methods, i.e. Rorschach and 
the Bender ••• n 
As this technique has begun to be used as a clinical instru-
ment, it seems appropriate to examine the basic parameters 
of the instrument itself in order to understand what lies 
behind its clinical usefulness. 
A. Clinical Studies Using 1b! Spiral Aftereffect 
The spiral aftereffect has gained attention since 1949 
when it was first used as a diagnostic instrument by Free-
man and Josey. 3 They correlated the inability to perceive 
the spiral aftereffect 
neurological setting. 
with judged memory impairment in a 
4 Standlee, in 1953, expanded the 
setting by testing normals and psychotics (pre-shock and 
eight hours post-EST). He found that psychotics and nor-
mals both saw the aftereffect. Following EST two of the 
psychotics got an incomplete aftereffect. This study 
raised the question of whether the spiral aftereffect was 
related to memory impairment per ~ or whether it was re-
lated to other organic factors in brain inJured patients 
3. Freeman, E., and Josey, w., QUantitative Visual Index 
to Memory Impairment, Arch. Neurol.~ :ychiat., 1949, 62, 
794-796. 
4. Standlee, L. s., Archimedes Negative Aftereffect as 
an Indication of Memory Impairment, l• Consult. Psychol., 
1953, .J.Z, 317. 
6 
who might reasonably also show memory impairment. These two 
early studies used a rotation speed of 78 rpm. 
In 1955, Price and Deabler5 examined forty normal sub-
jects, forty non-organic psychiatric, and one hundred-twenty 
organic patients. They used a 78 rpm rotation speed. This 
study used two spirals, one that appeared to contract and 
one that appeared to expand. They used a criterion score or 
four successful aftereffects achieved on four trials. They 
found that 92.5% or the normals, 95% or the non-organic 
psychiatric and only 2% of the organic group achieved a 
score of four. A closer look at their findings on organics 
revealed that 6o% saw no aftereffect, 10% got one aftereffect, 
20% saw the aftereffect twice and ~ obtained the aftereffect 
three times. 
6 
Page, Rakita, Kaplan and Smith essentially repeated 
the Deabler study with careful selection of their groups. 
Although the results were less striking they did support the 
Price and Deabler7tindings. There were several points of 
departure from the previous technique Which may account for 
the differences. Page et. al. used only three trials When 
5. Price, A. c., and Deabler H. Diagnosis of Organicity 
by means of the Spiral Aftereffect., l· Consult. Psychol., 
1955, 12, 299-302. 
6.Page, H. A., Rakita1 G., Kaplan, H. K. 1 and Smith, N. B., Another Application or the Spiral Aftererfect in the Deter-
mination of Brain Damage, l· Consult, Psychol., 1957, ~, 
89-91. 
7. Deabler, .22· .£11. 
? 
the significant criterion for Deabler was four out of four. 
Also Page only used the spiral providing a contracting after-
effect Which may be the least likely to produce the effect. 
Even with these alterations, Page points out that the inci-
dence of no effect in the organic group is exactly the same. 
8 
Harding, et. al. assumed a similar limitation of func-
tion exists in children as they are neurologically immature. 
They used the same general design as Deabler: two spirals, 
?8 rpm, four trials, 30 second inspection period. They 
tested 81 children between 48 and ?1 months of age. They 
found that no child below 55 months obtained the aftereffect 
and all children at 69 mont~ saw the aftereffect. The 
children in the younger age groups Who obtained the after-
effect were the ones with the highest mental ages. 
9 Gallese, using a rotation speed of 90 rpm, tested 
normal adults, schizophrenics and acute and chronic brain 
damaged patients. He divided the organics into two groups: 
1) alcoholic and convulsive disorders and 2) all other or-
ganic cases, i.e. CNS syphilis, senility, CNS circulatory, 
and erx: ephalitis. His findings showed that organics with 
alcoholm intoxication and idiopathic convulsive disorders 
8. Harding, G. F., Glassman, s., and Helz, w., Maturation 
and the Spiral Aftereffect, 1,. Abn. and S.Q£. Psychol., 195?, 
,2±, 2?6-2??. 
9. Gallese, A. Jr., Spiral Aftereffect as a Test of Organic 
Brain Damage, 1,. Clin. Psxchol., 1956, ,Jg, 254-258. 
8 
were more like normals than organics. This test separates 
the subjects as follows: 
Diagnosis 
Correct Incorrect 
non-organics (normals and 
schizophrenics) 9~ 3% 
organic A (CNS disorders) 66% 3~ 
organic B (alcoholic) 28% 72% 
all organics ~ J~ 
It was not possible via the spiral aftereffect to differen-
tiate lobotomized patients from normals. The implication is 
clear that cortical involvement alone is not sufficient for 
detection by this test. Gallese summarized his findings by 
saying that this test almost always indicates organicity 
when an organic score is obtained (less than two out of four), 
but the converse is not true. It was curious that of the 
organic patients with clear sensorium many obtained low 
scores, whereas others Who were confused and disoriented 
obtained normal scores. In addition, it was noted that the 
duration of the aftereffect for organics giving high scores 
appeared to be less than that for non-organics although this 
was not systematically assessed. One implication of this 
article is that if there were a way of measuring the after-
effect itself, it is likely that the performance of the or-
ganic could more precisely be differentiated from that of non-
organic subjects. 
9 
10 Davids, Goldenberg, and Laufer tested children on the 
spiral aftereffect: 1? cerebral palsy, 29 psychoneurotic, 
and 24 normal. They used two spirals, a 30 second inspec-
tion period and 78 rpm. They found that 83% of the normals, 
62% of the psychiatric, and 13% of the organics saw the after-
effect all six times. 
Spivack and Levine11 correlated the spiral with the 
Necker cube in order to relate it to current theoretical con-
12 
ceptions of cortical functioning, namely Kohler's theory 
of figural aftereffects. It was expected that there would 
be a high correlation between the spiral and Necker cube per-
formance since previous work has shown the Necker cube to be 
controllable by classical satiation techniques. Spivack 
used a population of children; chronic brain syndrome and 
emotionally disturbed. Their results: 
CBS perceived aftereffect 
ED II " II II 
CBS perceived aftereffect 
ED II " II " 
on lst trial 
II ..,.. II 
on all ? trials 
It " If 
81% 
94% 
78% 
94% 
10. Davids, A., Goldenberg, L., and Laufer, M., The Relation 
of the Archimedes Spiral Aftereffect and the Trail Making 
Test to Brain Damage in Children, 1· Consult. Psychol., 19?7, 
21, 429-433. 
11. Spivack, G., and Levine, M. 1 The Spiral Aftereffect and Reversible F1gures as Measures or Brain Damage and ~emory., 
1· Pers., 19?7, Rl, 767-777. 
12. Kohler, W. and Wallach, H., Figural Aftereffects An 
Investigation ot Visual Processes., ~. Amer. Phil. §.2£., 
1944, ~' 269-3?7. 
10 
In addition, they found the CBS patients had a longer mean 
duration of the spiral aftereffect than the ED (CBS 20.2 
seconds, ED 14,8 seconds.). They found the spiral and 
Necker cube performance uncorrelated on both frequency and 
duration of aftereffect. Only 58% of CBS reported cube 
reversals as compared to 94% of ED. They13 conclude: 
11Th1s failure to get a relationship of the two visual 
phenomena when both are significant measures of corti-
cal damage suggests either that the spiral is not a 
reflection of satiation or that different aftereffects 
tap different aspects of cortical functioning. 11 
They go on to propose that the spiral relates to learning 
efficiency whereas the Necker cube relates to forgetting. 
It is well to point out that this study was done with ado-
lescents and the Necker cube studies have used adults. It 
is not clear whether the lack of correlation between the 
spiral and Necker cube reversals is partially a reflection 
of the population. We know from other test performance 
that children with brain damage may give a different clini-
cal picture than an adult who acquires his brain pathology 
later in life after first acquiring perceptual and cogni-
tive skills. 
In summary, these studies have shown that the spiral 
aftereffect differentiates organics from non-organics with 
a high degree of reliability. The discrimination power of 
13. Spivack and Levine, ~· cit. p. 766, 
11 
this test varies from one study to another as do the techniques 
of administration and the criterion points. With adult organ-
ics, however, all the studies show the same incidence of in-
ability to perceive the aftereffect the first time; namely 
B. Other Related Phenomena 
Testing of brain damaged patients has included various 
psychophysical techniques. The findings and studies have 
largely been done within a framework of a satiation theory. 
The assumption behind most of these investigations has been 
that cortical damage is equivalent to a higher level of sa-
tiation. If we utilize the above notion with the spiral 
aftereffect, then we would predict that organics would have 
a greater spiral aftereffect and that it would persist 
longer. The clinical studies do not bear this out. One 
opposing frame of reference has been taken by Michael Wer-
14 
theimer, namely that a lowered metabolic efficiency (as 
in the brain damaged patient) would produce lowered after-
effects. Since there is cortical damage, he reasons that 
efficiency in cortical conductivity is impaired. A closer 
look at the phenomena of CFF, apparent motion, and reversi-
ble figures will clarify the present quandary. 
14. Wertheimer, M., Figural Aftereffects as a Measure of 
Metabolic Efficiency, l· f!!!., 1955, £!, 56-73. 
12 
1. CFF 
15' Werner and Thuma round a decrease in CFF thresholds 
for neurologically impaired children. 16 Bender and Teuber 
found that adults with cortical damage also had lowered CFF 
thresholds. As Bender and Teuber point out •a lowered CFF 
is considered as a 'lowering' or excitability ••• 11 and im-
plies less sensitivity. In other words the organic sees 
the light as fused while it flickers slowly. 
2. Apparent Motion 
Bender and Teuber17 found a rise in threshold for ap-
18 parent movement. Werner and Thuma tested brain injured 
children and obtained a failure to report perception or ap-
parent motion. Saucer and Deabler 19 studied apparent mo-
tion in organics and schizophrenics. Essentially, they 
state that the threshold for loss or Beta movement (two 
15'. Werner, H., and Thuma, B., Critical Flicker Frequency 
in Children with Brain Injury, Am!!:· .l,. Psyehol., 1942 7 ,l2, 394-399. 
16. Bender, M. B., and Teuber, H. L., Spatial Organization 
of Visual Perception FolloWing Injury to the Brain~~~·M·A· t~~h. Neural. Psyghiat., 1947, 2§, 721-739, 1948, ~, 19-
17. ~. 
18. Werner, H. 1 and Thumat B., A Deficiency in Perception 
of Apparent Mot1on in Chilctren with Brain Damage, ~ • .l,. 
~ Psychol., 1942, jj, 5'8-67. 
19. Saucer, R. T., and Deabler, H., Percpetion or Apparent 
motion in Organics and Schizophrenics, .l,. Consult, Psychol., 
195'6, 20, 385'-9 
13 
alternatingly flashing lights which fuse into one which swings 
smoothly) represents the efficiency of the cerebral cortex. 
The ability to sustain Beta with increased rate of flashing 
implies an ability to maintain a complex synthesis. They 
predict that organics and schizophrenics have a lower thres-
hold for loss of Beta. Their findings are that both organ-
ics and schizophrenics are unable to maintain Beta as long 
as normals. 
These studies show that the organic has difficulty first 
in perceiving apparent motion and continue to see the two 
lights as alternately flashing and then once Beta movement 
is achieved they cannot hold onto it as the flash rate in-
creases. This is interpreted to mean that the organic is 
deficient in this complex integration of perceiving two 
lights as one, whereas with CFF the organic cannot separate 
the discrete flashes of a single light as well. 
20 
Shapiro tested normals with prior stimulation (sa-
tiated) and obtained results consistent with those of or-
ganics. 
3. Teleopsia 
Bender and Teuber 21 studied a rotating spiral with 
20. Shapiic, M. B., A Preliminary Investigation of the Ef-
fects of Continuous Stimulation on the Perception of Apparent 
Motion, Brit. J. of Psychol., 1954, i2, 58-67. 
21. Bender and Teuber, ~· cit., p. 45. 
14 
patients with localized lesions in the visual area. As the 
speed of the disk was increased, the patients reported in-
creased teleopsia. Although the aftereffect was not studied, 
such an increased illusion of depth would lead to a predic-
tion of increased aftereffect. The speed values were not 
given, hence it is not possible to ascertain at what speeds 
the patient experienced greater depth. They hypothesize that 
a tridimensional organization makes the pattern simpler. In 
the most damaged quadrant the figures Will be most labile 
so that the patient loses part of the normals' resistance 
against displacement. Therefore, they reason, the organic 
experiences abnormal depth. 
4. Reversible Figures 
With reversible figures, such as the Necker cube, either 
alternative should be equally satiated. The reasoning is 
that since prolonged presence of a figure in one location 
tends to operate against further presence of this figure in 
the same place, then figure-ground relationships will be re-
versed when the critical level of satiation for one percep-
tion is reached. If organicity is viewed as a higher con-
stant level of satiation then the reversals should be great-
er for this group according to G. Klein's theory2~ If on 
the other hand, organicity is viewed as a reduction in cor-
22. Klein, G. and Krech, D., Cortical Conductivity in the 
Brain-Injured., J. ~., 19~2, 21, 118-148. 
tical conductivity then a reduced number of reversals should 
result. 
Wertheimer 23 correlated the number of Necker cube re-
versals with decreased metabolism and found a drop in rever-
sals. Since he predicted a curvilinear relationship, he ex-
pected a drop in reversals with increased metabolism as well. 
His results on this second prediction were not statistically 
significant. 
Yacorzynski and Davis24tested patients with tumors ex-
tirpated from the frontal lobes. The organic patients re-
ported fewer reversals than the normal controls. 
A study with normals who were given prior satiation 
Which should 
ics was done 
produce results consistent with that of organ-
25' by Carlson. He satiated one alternative of 
a reversible figure and hypothesized the alternate would 
appear first. This is what occurred. 
Brown 26 proposed that the rate of apparent change 
may be a reliable means of measuring rate of satiation. 
23. Wertheimer, M., Levine, H., and Wertheimer, N., The 
Effect of Experimentally Induced Changes in Metabolism on 
Perceptual Measures of Metabolic Efficiency. Percept. Mot. 
Skills, 195'5', 2, 173-176. 
24. Yacorzynski, G. K,, and Davis, L., An Experimental 
Study of the Frontal Lobes in Man. Psychosom. Med., 1945', 
2, 97-107. 
25'. Carlson, V. R., Satiation in a Reversible Perspective 
Figure, l· Exp. Psychol., 195'3, ~' 442-448. 
26. Brown, K. T., Rate of Apparent Change in a Dynamic Am-
biguous Figure as a Function of Observation Time., Amer. l• 
Psychol., 195'5, ,2§, 358-371. 
16 
Using eight subjects he found that the numbers of reversals 
increased rapidly up to two minutes, then gradually leveled 
off. Since satiation would be greatest the longer one viewed 
the stimulus, the higher rate of reversals at the end should 
be consonant with a higher reversal rate for organics. How-
ever, the Wertheimer, Yacorznski, and Spivack and Levine 27 
studies showed the opposite. 
5. Figural aftereffects With organics. 
Independently, Klein 28 and Jaffe 29 tested organics 
and normals on kinaesthetic aftereffects. Klein found that 
the aftereffects were more intense, persisted longer and 
were reached more r,pidly in the organic group. Jaffe 
found no difference between the normal and organic group. 
Since Klein's patient population represented extensive 
cortical damage and Jaffe's sample represented local lesions, 
they explain the difference of results on this basis. 
Essentially, then, Wertheimer 3° predicts a decrease 
in aftereffects as a deduction from his assumption thet or-
ganics have decreased metabolic cortical efficiency. His 
results support this. 
27. Spivack and Levine, Rl!· ill... 
28. Klein, G., Rl!• cit. 
29. Jaffe, R., Kinaesthetic Affer-Effects FolloWing Cere-
bral Lesions, Amer. J. Psychol., 1954, 22, 668-676. 
30. Wertheimer, Rl!t cit. 
17 
Klein and Krech 31 predict greater aftereffects result-
ing from decreased cortical efficiency and their results are 
consistent with this finding. Jaffe 32 finds no difference 
between his organics and normals. 
6. Summary 
Consistent with the assumption of a greater level of 
satiation in the organic are the findings of lowered CFF 
thresholds, raised apparent movement thresholds, and en-
hanced figural aftereffects. Inconsistent with this assum,-
tion for organics are the findings of lowered Necker cube 
reversals. This apparent inconsistency with the Necker 
cube may be reconciled in the following manner. With con-
tinued presentation of the Necker cube with normals the 
rate gradually increases and then levels off. A prediction 
of a curvilinear relationship would suggest that if normals 
continue to view the Necker cube after their reversal rate 
has levelled off at a high point, it would subsequently 
drop off to a low reversal rate. This latter loWered re-
versal rate would then be consonant with that produced by 
organics. The notion of a curvilinear relationship rests 
upon this explanation. As one begins to view the Necker 
cube one alternative slowly satiates, at which point the 
31. Krech, ~· cit. 
32. Jaffe, ~· cit. 
18 
the second alternative appears. ~hen this second alternative 
sloWly satiates and the first alternative reappears. After 
continued viewing both alternatives approach maximal satia-
tion and reversals occur rapidly since each alternative 
reaches maximal satiation quickly. If inspection is con-
tinued beyond this time, the reversals drop off because there 
is no difference in satiation between the two alternatives; 
hence the second alternative Will not appear for a longer 
period of time. It will reappear when it has recovered 
enough from its maximal satiation to be less satiated than 
the alternative currently seen. Since previous work has 
shown that satiation builds up and after continued viewing 
takes increasingly longer periods of time to recover, it is 
reasonable to assume that with an extended inspection period 
the Necker cube reversals will drop to a low reversal rate. 
The above explanation is capable of placing the find-
ing of lowered Necker cube reversals with organics in line 
with the findings of these other phenomena. 
c. History and EarlY Theories of the Spiral 
1. Theories 
Wohlgemuth ~ surveyed the early literature covering 
the first notation of after movement by Purkinjie in 1825 
33. Wohlgemuthi A., On the After-effect of Seen Movement, 
Brit. l· Psycho_. Monog. ~., 1911, 1, 1-117. 
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and included his own experimentation With the spiral and 
waterfall illusions. The first explanation for these phe-
nomena was eye movement. Purkinjie 34 spoke of unconscious 
repeated eye movements which travelled in the same direction 
so that When a stationary. object was next see~ it appeared 
to slip in the opposite direction because the~e movements 
continued in the accustomed direction, Another theory pro-
posed by Addams 35 in 1843 explained the phenomenon by com-
pensatory eye movements. The eye was thought to move With 
the moving stimulus, and having reached a limit, shift back 
and move forward again. The backward shifts then continued 
when the regard was changed to a stationary object. Helm-
holtz and WUndt agreed with this formulation. Plateau 36 
in 1850 was the first to rotate an Archimedes spiral and 
describe the expansion and contraction of the aftereffect, 
34. Purkinjie, J., Beobachtungen and Versucne zur Physiol. 
der Sinne, 1825, Bd • .n., p. 6o in Wohlgemuth, A., ibid., 
p. 2, 
35. Addams, R., An Account of a Peculiar Optical Phenome-
non Seen After Having Looked at a Moving Body, Ebil. Mig., 
1835, 3 ser.,2, 373 r. in Boring, E,, Sensation~ Percep-1!£n, The History o~ Experimental PsychologY, Appleton-Cen-
tury Crofts, N.Y., 1942, 
36. Plateau, J., Vierte Notiz uber eine neue Sonderbare 
Anwendung des Verweilens der Eindrucke auf der Netzhaut. 
Poggendorff 1 s Annalen, 1850, Bd, So, pp. 287-292. In 
Wohlgemuth, A.,~· £11., p. 3. 
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Oppel 37 studied the movement phenomena With the spiral and 
decided ••• "the ultimate cause of' the phenomenon in question 
must not be looked i'or in mechanical nor in the optical ap-
paratus, but it lies beyond the obscure bridge which connects 
the retina with the sensorium." He was the i'irst to indicate 
that the explanation lay in the central processes. 
The explanation of' eye movements was doomed once the 
spiral was studied, i'or what sort of' an eye movement could 
make the object expand in all directions at once? Helmholtz 38 
had hypothesized a circular movement of the eyeball. Bow-
ditch and Hall 39 rotated two spirals in opposite directions 
next to each other and felt the simultaneous expansion and 
contraction effect was conclusive evidence against Helmholtz's 
notion. With further study of the phenomena Bowditch and 
Hall found that neither experience nor volition could reverse 
it as with perspective figures. They concluded we "• •• may be 
near attaining the guale of' a real, pure sensation ••• infer-
ence that the seat of these illusions may be central rather 
than peripheral seems most natural." 
37. Oppel, J., Neue Beobachtungen und Versuche uber eine 
eigentumliche noch wenig bekannte Reaktionstatigkeit d. men-
schlichen Auges, Poggendorft's Annalen, 1856, Bd. 22, 540-
561, in Wohlgemuth, A., .Jm• cit., p. 4. 
38. Helmholtz, H., Handbuch der Physiologischen Optik, 1867, 
Sect. 29, in Bowditch, H. and Hall, G. s., Optical Illusions 
of' Motion, l· Phxsiol., 1882, ~' 297-307. 
39. Bowditch, H., and Hall, G. s., ibid., p. 300. 
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Helmholtz 40 had drawn an analogy between colors and 
motion. Both were viewed as intellectual affairs. In color-
contrast he hypothesized one color modifies another along 
side of it by unconscious inference. Herring 41 had already 
proposed that this explanation for color was physiological 
not psychological; that a new nerve process occurred to 
which the modified feeling of color corresponded. 
Silvanus Thompson 42 in 1877 laid down a law of 11 sub-
jective complementary motion. 11 The retina adapts itself 
to long continued movement. The field viewed after the 
movement, tends to be perceived as moving in the opposite 
direction by contrast. This again was a principle similar 
to that used for simultaneous color contrast. 
William James 43 pointed out that all the advocates 
of unconscious inference were at variance with each other 
when it came to the question of what these unconscious pre-
mises and inferences might be. He said, ''.rhe spurious ac-
count of these illusions is that they are intellectual, not 
40. Helmholtz, H., ~. 
41. Herring, E., Beitrage zur Physiologie, 1864, pp 248-
286 in James, W.i Principles 2t Psychology, Vol. II, Henry 
Holt Co., N.Y., 890. 
42. Thompson, S., Optical Illusions of Motion, Brain, 188o, 
Vol. 11!, pp. 289-298, in Boring, Q£• £11., p. 592. 
43. James, w., Q£• cit., p. 248. 
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sensational, that they are secondary, not primary, mental 
facts." 
Mach 44 in 187~ conjured a special process in the re-
tina to account for the after movement. Hy hypothesized 
this process was not present during a resting state but 
only when movement occurred, Zehfuss 4~ in 1880 postulated 
that the nerve elements in the retina have blood vessels 
which become dammed up. When the movement ceased, the 
dammed up blood flowed back to cause the aftereffect, 
The theoretical positions led to explanations based 
on peripheral mechanisms versus some central process. The 
evidence for a central process was generally accepted when 
it was found that viewing the inspection figure with one 
eye produced the aftereffect in the unstimulated eye, 
Gates 46 in 1934 proposed to account for the phenomena by 
changes in tonus of the eye muscles in "external and in-
ternal muscular systems of accomodation and convergence." 
Those muscles in which an increased tonus occurred gradually 
relax, those decreased return to greater tonicity. This 
adjustment she states explicitly involves the central ner-
44, Mach, E., Grundlinie d, Lehre v. d. Bewegungsempfindungen, 
187~, pp. ~9-o~, in Wohlgemuth, A.,~· cit., p.7. 
4~. Zehfuss, G., Uber Bewegungsnachbilder, Wiedemann's Annalen £. Physik und Chemie, 1880, Bd. 2, pp. 672-o, in Wohlgemuth, A., 
ibid., p. 10. 
46. Gates 7 L. w., The After-effect of Visually Observed Movement, ~· l· Psychol., 1934, 46, 34-46. 
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vous system, In this theory, then, the peripheral mechanisms 
are the crucial ones with concurrent central nervous system 
functioning. She explains the simultaneous occurrence of two 
opposite aftereffects in two eyes takes place because the 
tonus of muscles is affected independently, The major con-
tribution introduced by this theory is that the change oc-
curs not in the large musculature of the external eye but 
in the delicate processes of the accomodation mechanism, 
Guilford and Helson 47 state that " ••• the eye movement 
theory has proved to be inadequate, either as necessary, 
sufficient or a contributing condition, 11 .. to explain the 
many kinds of visual phenomena to which it has been applied. 
They photographed eye movements during the occurrence of ap-
parent motion. There was no correlation Whatever between 
eye movement and apparent motion phenomena. They state 11 , •• 
if anything, eye movements interfere with good phenomenal 
movement from two successive stationary stimuli. 11 
Wertheimer 48 anticipated the Kohler 49 theory by hy-
pothesizing that seen movement is a consequence of a "physio-
logical short circuit" in the brain. Wohlgemuth 50 explains 
47. Guilford, J. P,, and Helson, H., Eye-movements and the 
Phi Phenomenon, Amer. ~. Psychol., 1929, 41, 5'95'-606, 
48, Wertheimer, M., Experimentelle Studien uber das Sehen 
von Bewegungen,l z. Psychol., E1, 1912, 161-265', in Boring, 
~· cit., p. 5'9o. 
49. Kohler, w,, and Wallach, H.,~· cit. 
5'0. Wohlgemuth, A., ~· cit,, p. 100. 
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the spiral phenomenon by a center of movement in the cortex. 
He spelled out his notions further: if a neurone is$imu-
lated, the resistance of the immediately adjacent afferent 
synapses are lowered. This lowering of resistance at the 
synapses does not reach its maximum instantly, but gradu-
ally. He assumed that the characteristic quality of this 
movement center was its exceedingly quick recovery from 
fatigue. He raised the question of whether this might not 
be some subcortical base which functioned similarly to the 
rebound-effect observed in spinal reactions. 
2. Findings with the spiral 
Szily 5l in 1905 was one of the first to elaborate the 
parameters of the spiral aftereffect. He found that slow 
movement was advantageous to the aftereffect. That a better 
aftereffect was achieved on a darkened second field. He 
noted that on increasing speed of rotation so that flicker 
diminished, the aftereffect became fainter whereas very slow 
speed would produce the after sensation if it was viewed a 
sufficiently long time. He also noted that the aftereffect 
was more intense in the periphery of the visual field than 
in the fovea. 
51. Szily, A. v., Bewegungsnachbild und Bewegungskontrast, 
Zeitschr. fur Psych. Uid:Phys •. d. Sinnesorgane, 1905, Bd. 
3§, 81-154, in Wohlgemuth, A., op. cit., p. 21. 
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Cords and BrUche 52 in 1907 found that the velocity of 
the aftereffect diminished with a decrease of difference in 
brightness and contours and rose with the duration of the 
stimulating objective motion. 
Tosaku Kinoshita 53 in 1909 tested the aftereffect on 
five speeds: .57, 1.55, 2.14, 6.73, and 30 em/sec. The af-
tereffect as measured by duration showed an ascending curve 
to 6. 73 em/sec. and had dropped at 30 em/sec. 
54 Wohlgemuth set about to vary systematically the 
parameters of the instrument. Some of his findings are 
listed below: 
1. The aftereffect of narrower lines lasted distinct-
ly longer than that of wider lines. 
2. The aftereffect was most marked in a brightly il-
luminated objective field With distinct contours. 
3. A slightly better aftereffect was obtained if the 
width of the stripes was equal, but if they were unequal, 
it was unimportant which was j_ncreased or decreased. 
4. All colors, if of the same brightness, produced 
the same aftereffect. 
5. Vision by rods as well as cones was receptive to 
the aftereffect. 
52. Cords, R. and Br~clte, E., Uber die geschwindigkeit des 
Bewegunsnachbildes, Pfluger's Archiv. ~ d;e gesante 
Physiologie, 1907, Bd. 112, 54-76, in Wohlgemuth, A., £2• 
cit., p. 23. 
53. Kinoshita, Tosaku, Zur Kenntnis der negativen Beweg-
ungsnachbilder, Zeitschrift fur Sinnesphysiologie, 1909, Bd. 
i3_, 420-433, in Wohlgemuth, A., £2. £!!., p. 24. 
54. Wohlgemuth, A., 2£• cit., pp. 35-84. 
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6. In the foveal region the aftereffect was marked, 
distinct and evenly diminished. In the periphery it set 
in with more vigor and appeared to rush more powerfully, 
but rapidly diminished. 
7. There was a general absence of aftereffect if the 
whole visual field was filled. 
Wohlgemuth concerned himself with the effect of speed 
on the aftereffect. He used an apparatus of moving fields, 
not the spiral, and simultaneously presented a fast and slow 
series and asked the subjects to compare the aftereffect 
between the two. The slow series of the paired velocities 
produced more predominant aftereffects. From subjective 
comparisons and reports of "faster and more vivid,"" slightly 
faster" etc., he plotted a curve of the aftereffect for the 
various speeds. His results suggested that for moving fields, 
the aftereffect at first increased very rapidly with objec-
tive velocity, soon reached a maximum and then gradually 
diminished with further increases in speed. 
Hunter 55 in 1915' found that when he used a large striped 
curtain which filled the visual field no aftereffect was ob-
tained when the arrested curtain was used as the test field. 
From introspective reports on this phenomena and the spiral 
he found; 
l) There were marked individual differences. 
5'5'. Hunter, W, s., "Retinal Factors in Visual After-Movement." 
Psychol. ~., 1915, 22, 479-489. 
2) With the spiral particularly, various illusions 
of depth appeared. 
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3) All subjects found it difficult to determine when 
the aftereffect ceased. 
4) The expansion aftereffect was always ~eported; the 
contraction aftereffect was more variable. (as. ·noted earlier) 
Hunter summarizes his findings by suggesting that the after 
movement from a rotating spiral is predominantly of a re-
tinal origin. 
These findings are consistent with the general phenom-
ena of aftereffects not involving movement. The theories 
offered either are based on peripheral mechanism (retinal 
or eye muscle) or a central process (movement center in the 
cortex or a general cortical process). As further experi-
mentation was done, the purely peripheral advocates tended 
to include at least some adjunctive central mechanism to 
help account for this complex phenomenon. The present the-
ories of figural aftereffects to be considered in the follow-
ing chapter are based on the notion that this is a central 
process. 
CHAPT:m III 
THEOREriCAL CONSIDERATIONS 
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The two major theories used to explain figural after-
effects are Kohler and Wallach's 1 non-neural electrical 
field theory of satiation and Osgood and Heyer's 2 statis-
tical summation theory, the latter based on established 
central mechanisms. 
Essentially Kohler and Wallach state that some region 
of the central visual system is a quasihomogeneous volume 
of tissue through which electrical currents can flow. These 
currents follow paths of least resistance, as in volume con-
ductors, which are independent of anatomical pathways. Koh-
ler 3 empahsizes this by saying, "Most neurophysiologists 
seem to be convinced that the physiology of the whole ner-
vous system can be written in terms of nerve impulses ••• it 
seems that in our experiments it cannot be nerve impulses 
Jl.!!.t .§!! which cause satiation." Kohler 4 does not explicitly 
explain how electro-motive forces originate which drive the 
1. Kohler, W., and Wallach, H., .QJ2.... cit. 
2. Osgoo~ 7 c. 1 and Heyer, A., Jr., A New Interpretation of Figural Artere!"fects, Psychol. ~., 195"2, ,22, 98-118. 
3. Kohler, w., Relational Determination in Perception in 
Cerebral Mechanisms in Behavior, The Hixon Symposium, Ed. 
by Lloyd A. Jeffress, John Wiley and Sons, Inc., N.Y., 1951, 
p. 208. 
4. Ibid., p. 210. 
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current, he simply states there may be various ways of de-
riving this force, At another time, however, he does say, 5 
11 In some way, the flow must, of course, be established by 
the arrival of nerve impulses in the cortex," 
As the current flows in organic tissue there is an in-
crease, produced by polarization, in resistance to the fur-
ther flow of current. This resistance forces.the current 
to detour into neighboring regions which results in a gra-
dient of satiation (increased resistance) about the contour 
of the inspection figure. These satiation effects persist 
after removal of the inspection figure and can be measured 
by distortion of the test figure. 
The major criticism of this theory, Osgood 6 states, 
is whether it is necessary to postulate a novel set of non-
neural electrical forces in the visual brain. 
Osgood and Heyer's? theory is an attempt to serve the 
interest of parsimony by translating the above satiation 
theory into a framework of neurological evidence. Their 
theory is summarized as follows, They postulate that the 
11 on-off11 fibers are chiefly responsible for the di stri but ions 
of excitation in area 1?. A contour is represented in the 
5. Ibid., p. 238. 
6. Osgood, c. E., and Heyer, A., Jr., QR• £11., p. 100, 
?. Ibid. 
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cortex by a normal distribution symmetrical about the con-
tour, and furthermore these distibutions of excitation are 
not perceived as a graduated 'blur•, but only the location 
of maximal excitation gives rise to perception. This dis-
tribution of excitation is produced by physiological nystag-
mus, reciprocal overlap and vertical summation. They fur-
ther assume that the greater the rate of previous excitation, 
the faster the initial rate of recovery. This means that 
the peak of the distribution of excitation recovers at the 
fastest rate which flattens the adaptation distribution. 
The rate of excitation created by a contour depends on 1) 
the sharpness of the intensity gradient and 2) the nearness 
on the retina to the intensity gradient. In other words, 
the receptors beyond the range of fluctuations produced by 
physiological nystagmus, which are continuously stimulated 
by the "figure" or "ground" intensity, will rapidly achieve 
a non-active state. 
The above basic parameters of this theory rests on the 
evidence that Marshall and Talbot 8 have provided for ver-
tical and lateral summation of excitation frequency in the 
higher centers. Furthermore, an accurate "screen-plate" 
8. Marshall, w. H., and Talbot, s •. A., Recent Evidence for 
Neural Mechanisms in Vision Leading to a General Theory of 
Sensory Acuity. In H. ltltiver~· (Ed.), Visual Mechanisms, 
Biol. Sympos., 1942, z, 117-164. 
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reproduction of retinal events on the cortex is broken up 
by temporal dispersion. 
To clarify this latter theory it is here applied to the 
usual aftereffect situation. See Figure 1. 
Curve Ia is the distribution of adaptation in the on-
off processes following inspection of a contour, I. Ib re-
presents the flattened distribution due to recovery before 
the T contour can be presented. The T contour is then pre-
sented to one side of the inspected I contour. Ta represents 
the symmetrical distribution of excitation the T figure would 
ordinarily produce. However since this area has received 
prior stimulation, the curve Tb results. Since apparent 
localization coincides with maximal excitation, the apparent 
location of T is shifted to T1 and appears displaced and 
dimmer. 
Both of these theories have been criticized by K. Smith9 
for their inability to deal With the spiral aftereffect. In 
addition he points out the quandary of both theories, namely 
that figural aftereffects occur across the vertical median 
of the eye and hence cross the median longitudinal fissure 
in the striate cortex. 10 Osgood and Heyer state 11 ••• both 
9. Smith, K., The Statistical Theory of Figural After-effect, 
Psychol. Rev., 1952, 22, 401-2. 
10. Osgood, c. E., and Heyer, A., Jr.,~· £11., pp. 114-115. 
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FIGURE 1 
THEOREriCAL DIA.GRAl\1 OF STATIC FIGURAL AFTFRE...ti'FEX::T 
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statistical and field interpretations flounder over this ap-
parent gap in the projection system" but suggests the possi-
bility that some of the axones of optic nerves may bifurcate 
at the chiasma to terminate in both hemispheres. 
Brown and Voth 11 propose a theory to account for seen 
movement using a vector field construct. They have not dealt 
with movement aftereffects caused by the spiral; rather they 
offer this theory as a paradigm for handling visual phenomena. 
They assume that the vector field at the physiological level 
is to be understood only as a global central mechanism and 
not as neural connections between single points of excitation. 
In other words, the optic mechanism is seen as functioning 
as a continuous field. 
They postulate that every object in the visual field 
exerts cohesive field forces on every other object. A moving 
object is thus drawn to its previous positions by cohesive 
vectors. Field forces of real movement (actual retinal dis-
placement) are stronger than cohesive vectors drawing the 
object to its earlier positions. In circular movement, they 
suggest, the path of movement should be influenced by the 
previous positions of the object and would be a function of 
the time interval between the past and present position. It 
11. Brown, J. F., and Voth, A.c., The Path of Seen Movement 
as a Function of the Vector Field, Amer. J. Psychol., 1937 
~' 543-563. 
34 
then follows that the apparent diameter of a circular path 
will decrease as velocity increases. This theory has not 
been extended to account for aftereffects but it seems pos-
sible that it could be extended to account for the illusion 
of contraction during the inspection of the rotating spiral. 
Some general findings of figural aftereffects are in-
cluded here to elucidate the variables which are relevant 
to this study. 
1. Aftereffects increase with duration of the inspec-
tion period. After a certain time, however, maximum dis-
placement has occurred and only the duration of the after-
effect continues to increase. 
2. The aftereffect is greatest immediately after in-
spection and decreases within 60 seconds. 
3. The distance paradox: The magnitude of displace-
ment at first increases and then decreases as the T-contour 
is moved toward the I-contour by small amounts. The opti-
mal distance is about one-quarter inch. 
4. The aftereffect increases as contrast increases. 
5. The number of aftereffects produced on a high 
brightness field is initially higher but then decreases 
with successive presentations. The opposite holds for low 
brightness fields. Kohler indicated a medium brightness 
seemed optimal. 
6. When the figures ;differ only in chroma and not in 
brightness no aftereffect was found. 
7. outline figures have greater aftereffects than 
solid figures. 
The findings on the spiral phenomenon are consistent with 
classical figural aftereffects in regard to contrast, inspec-
tion periods, brightness and duration of aftereffect. There-
fore the spiral aftereffect should be potentially explainable 
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in the general framework of the existing theories. However, 
as Kohler and WBllach 1 s and Osgood and Heyer's theories now 
stand they are inadequate to account for the two aftereffect 
phenomena of expansion and contraction. Regardless of the 
direction of rotation, both theories would suggest that sa-
tiation is greatest within the visual area stimulated qy the 
rotating spiral. Therefore, they would predict that the 
aftereffect for the spiral rotated in either direction would 
be expansion because distortion takes place away from the 
most satiated toward the least satiated area. 
The aim of this study is to determine one parameter of 
the spiral aftereffect as a step in the directron of provid-
ing more adequate observations Which may turn out to be use-
ful in further development of the theory. Until the present 
study, the measurement of the aftereffect was generally 
limited to verbal descriptions. The method of measurement 
of the aftereffect utilized in this study provides a means 
of obtaining more careful measurement of the phenomenon and 
hence opens up the possibility of studying the parameters in 
a more precise way. 
From pilot work with the spiral aftereffect a general 
prediction was made of an ascending-descending eurve of the 
aftereffect across increasing speeds. This study set out to 
determine if this curvilinear relationship was a stable 
general function. 
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CHAPTER IV 
EXPERIMENTAL METHOD AND PROCEDURES 
A. Variables 
The independent variable chosen for this study was 
speed of rotation of an hyperbolic spiral. The dependent 
variable was the spiral aftereffect. There were two mea-
sures of the aftereffect,namely extent of displacement and 
duration. 
The phenomenal experience of a rotating spiral when 
regard is shifted to a test object is of symmetrical ex-
pansion in all directions. The test object does not be-
come distorted but appears to be continuously enlarging. 
At times the subject notes what appears to be a film in 
front of the test object. This film of small spots moves 
outward toward the periphery. The cessation of the expan-
sion movement occurs gradually so that there is a period 
of time when it is difficult to determine whether expan-
sion is still occurring at a very s~ow rate or whether it 
has ceased. 
B. Operational Definitions of Variables 
1. Independent Var.lable 
An hyperbolic spiral,ten inches in diameter, was used 
as the stimulus in this experiment. It was made up of eight 
black and white spiral arms of equal width. The spiral arm 
is widest at the periphery and becomes progressively narrower 
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as it approaches the center. See Appendix A. It was rota-
ted counterclockwise, in the direction of the point of the 
spiral arms, so that on viewing the spiral the phenomenal 
experience was of contraction; on viewing the test patch the 
experience was of expansion. 
The independent variable consisted of a selection of 
twelve rotation speeds. The speeds were empirically selec-
ted to give the clearest picture of the curve. The speeds 
chosen were: o, 3, 12, 21, 37, 61, 76, 94, 134, 200, 260 
and 500 rpm. 
The apparatus consisted of a variable speed driving 
mechanism and a modified Dodge tachistoscope. See Figure 2. 
a. The driving mechanism allowed variation of rpm from 
3 to 500. Speed variations were produced by a cone and disk 
component driven by a constant speed motor. 
b. The tachistoscope was el shaped; one wing was 13 
inches Wide and 17 inches long while the second wing was 23 
inches long by 13 inches Wide. It was painted a dull black 
inside and out. At the center of the front wall of the 23 
by 13 inch el was a slit 10.5 em. by 2.5 em. which was sur-
rounded by a rubber-edged headrest. The headrest fixed and 
supported the subject's head during binocular regard. In-
side the tachistoscope, in front of the end wall of the 13 
by 17 el was placed the hyperbolic spiral. Two lights were 
placed at the juncture point of the two els, one on each side, 
Subject 
Vernier 
Recorder 
Light 
Spiral Drive Unit 
Q Light 
Projector 
II , , 1- Iris Control Lever 
:FIGURE 2 
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to illuminate the spiral. They were 25 watt glow tubes il-
luminated by 40 volts A.C. The amount of light falling up-
on the spiral was.85 foot candles. Each light was surroun-
ded by a black metal shield to prevent the light from glar-
ing in the mirror. The mirror was set at 45 degrees in or-
der to allow observation of the ~iral by reflection from the 
viewing end of the tachistoscope. The distance from the eye 
of the observer to the spiral was 37 inches, the spiral dia-
meter was 10 inches and thus the subtended visual angle was 
approximately 7 degrees 6 minutes. When the tachistoscope 
lights were off, the projector light illuminated the test 
patch wh.ich was observed by transmission through the same 
mirror. The distance from the eye of the observer to a cir-
cular test patch was 91 inches and the visual angles of the 
projected patch ranged from approximately 7 degrees 6 minutes 
at maximum to approximately 1 degree 41 minutes at minimum. 
2. Dependent Variable 
The dependent variable in this study is the spiral after-
effect. In the recent work with the spiral aftereffect, a 
subjective report of presence or absence on any trial was the 
measure, using number of trials as criterion. In the earlier 
studies verbal reports of "more intense", "moves more quick-
ly", etc, were used and duration was measured by a stop watch 
until the subject indicated the aftereffect no longer occurred. 
In the present study two measures of the aftereffect were ob-
tained: displacement and duration. 
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The apparatus for obtaining the two measures consisted 
of a projector with an attached vernier coupled iris and a 
G-E recorder. 
c. The projector focused the test patch on a homogen-
eous tan screen located on the opposite wall, 91 inches from 
the eye of the subject. The test patch was a circle, 11.28 
inches in radius, with radiating spokes from the center. 
In a study of perception, Thurstone1 used a spiral after-
effect. He found the aftereffect unstable as the subjects 
had difficulty in determining when the after movement ceased. 
Accuracy was enhanced by using a grille (of India ink on 
white paper) as a test patch as the subject could more eas-
ily report when distortion disappeared. The wheel used in 
this study was chosen as it allowed a test figure which could 
be reduced in size without apparent change of its gestalt. 
Other possibilities such as a grid and concentric circles 
were discarded because reduction of the ris changed the 
image and interferred with perception of the aftereffect. 
The projected wheel was made by drawing radii with In-
dia ink on clear film. The size of the wheel could be de-
creased from 11.2811 in radius to 2. 67" in radius by turning 
a vernier in a counter-clockwise direction. This was ac-
1. Thurstone, 1. 1., A Factorial Study of Perception,~­
chometric Monographs, No.4., Univ. of Chicago Press, 1944. 
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complished by varying the iris aperture located immediately 
behind the film on which the wheel was drawn. The iris it-
self was controlled through a connecting rod which was moved 
by a lever extending from the shaft which in turn was rota-
ted by the vernier coupling. The intensity of the light 
emitted by the projector was controlled by inserting fros-
ted glass pieces between the projector lamp and the iris un-
til the amount of light falling upon the screen was one foot 
candle. 
d. The recording apparatus was a G-E type CH Portable 
Strip-Chart, Style #3. The paper moved at the rate of 7.5 
inches per minute. A three-way switch was connected to the 
recorder, the projector, the spiral drive and the bulbs il-
luminating the spiral. One position of the switch turned on 
the motor and the lights; the other position of the switch 
turned off the spiral drive and lights and turned on the pro-
jector and recorder. The recording pen on the recorder oper-
ated in response to a voltage change of from zero to fifty 
volts D.C. This voltage was delivered by a filtered power 
supp1y. The pen responded to voltage changes produced by a 
potentiometer connected to the shaft whiCh was controlled by 
the vernier coupling; i.e. any rotation of the vernier re-
sulted in a reliable change of the pen position. 
All the apparatus was connected to a constant voltage 
transformer in order to avoid voltage changes causedby line 
fluctuations. 
4.2 
The two measures of the dependent variable, then, were 
displacement (magnitude of expansion) and duration ( time 
in seconds that expansion occurred). The displacement was 
defined as the extent to which the observer contracted the 
test patch to counteract the illusion of expansion. The 
score utilized for analysis of the data was a score of the 
extent of reduction. The extent of reduction score was ob-
ta.ineiby subtracting the size of the final test patch after 
it had been reduced, from the original starting position 
size of the test patch. The duration was defined as the 
length of time in seconds that the observer continued to re-
duce the test circle (as the test figure continued to expand). 
The measurement of this was obtained in the following manner: 
the starting point was marked for each trial and the end 
point,was determined as the beginning of the straight line 
on the record, which indicated that the subject had stopped 
reducing the test patch. See Appendix B for example of a 
test record. 
e. In order to measure the extent of displacement it 
was necessary to construct a measurement scale as the poten--
tiometer was not strictly linear and hence did not allow for 
equal increments in volts, across the 50 volt scale, for 
reduction in inches of the test patch, This meant that equal 
excursions of the pen at 50 volts and 10 volts did not repre-
sent the same decrement in inches the wheel was reduced. Ac-
cordingly, the volt scale was plotted with the actual corres-
ponding measurements of the wheel. 
3. Controlled Variable 
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The inspection period of viewing the rotating spiral was 
held constant at thirty seconds. Pretesting of 30, 45 and 
60 second inspection periods revealed that the increment or 
decrement from one speed to another was approximately constant 
for these three inspection periods. However, the magnitude 
of displacement and the duration increased slightly for the 
longer inspection periods. In order to curtail excessive 
testing for any one session, the shorter inspection period 
was chosen to allow for a greater number of speed positions. 
C. Subjects 
Four male subjects provided the data in the experiment. 
They were all employed at the hospital where the study was 
carried out. One was a psychiatric social worker, two worked 
in the personnel section, and one was a clinical psychology 
trainee. Subject #1 was age 46. SUbject #2 was age 34. Sub-
ject #3 was 29 and Subject #4 was 26. Subjects 1, 2 and 4 
reported no visual impairment whereas subject #3 reported 
20-60 vision with glasses. Test runs with and without cor-
rected lenses indicated that his visual impairment reduced the 
extent of the aftereffect, therefore all experimental trials 
were conducted with the subject wearing his glasses. 
A population of responses wassampled rather than a popu-
lation of individuals. Therefore, each subject served as his 
own control and repeated measurements were made on each subject 
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over a period of 15 days. The data of each subject repre-
sents essentially a replication of the experiment carried 
out with the first. The experimental conditions for all 
four subjects were identical with the exception of the time 
of day each was seen. Each subject was seen separately and 
at the same time each day; two were tested in the morning 
and two in the afternoon. 
D. Procedures 
1. Training 
Each subject was seen from five to ten days before be-
ginning the experiment. They were presented all twelve 
speeds each time and learned to adjust the vernier. During 
the training and experimental sessions the room was almost 
totally darkened. During the training sessions the subjects 
became familiar with the apparatus, the room, and the method 
of adjusting the vernier. 
2. Instructions 
The subjects were given the following instructions: 
11 You will view a rotating spiral for a given 
period of time and when that disappears, you 
will see a circle with radiating lines. To 
your right there is a knob which you can turn 
to keep the size of the circle constant. Con-
tinue turning it until the circle no longer 
appears to change size. I will give you a 
ready signal before the circle appears. 11 
11 Be sure to fixate the center at all times 
of both the rotating spiral and the circular 
patch. 11 
11After the circular patch has stopped changing 
size, remove yourhead from the headrest and 
return the knob to its original starting 
position. After a short rest I will give 
you a ready signal, at which point you 
begin viewing the rotating spiral again." 
"Be sure to maintain fixation at the center 
of both the spiral and the circle patch." 
3. The Experiment 
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The twelve speeds were presented each session in a ran-
domized sequence. The order was determined by selecting from 
a table of random numbers the digits 1 through 12 in order 
of their occurrence. 
The main body of the experiment was completed at each 
session and replicated over days. Each speed was repeated 
for three consecutive trials before the next speed was pre-
sented. The overall design of the experiment is as follows: 
The first speed was presented and the subject viewed 
the hyperbolic spiral rotating at this speed for 30 seconds. 
Two seconds before the end of this 30 second inspection per-
iod he was told "get ready". At 30 seconds, the spiral dis-
appeared and the test wheel appeared. The subject continued 
to move the vernier in a counter clockwise direction until 
the wheel was apparently no longer expanding. The subject 
was then told to take his head away from the headrest and re-
turn the vernier clockwise until it reached the beginning 
position. The wheel was no longer in sight as this was done, 
to avoid the subject obtaining a comparison. There was then 
a 30 second rest as measured from the point of cessation of 
the aftereffect before the subject was told to "begin viewing". 
The speed was re-presented twice more. lfter three presen-
tations of that speed the subject rested for one minute with 
his head away from the headrest before a different speed was 
presented. Each session was approximately 60 minutes vary-
ing with the length of time the aftereffect lasted. 
CHA.PTER V 
RESULTS 
A. Experimental Hypothesis 
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The null hypothesis for the overall statistical test is 
stated as follows: 
Hypothesis 10 : The aftereffect as measured by duration 
and displacement will not vary with change in rotation 
speed so that the regression of the means will be line-
ar and of zero slope. 
Hypothesis la: The foregoing null hypothesis is tested 
against that class of alternatives which states that the 
aftereffect will first increase and then decrease when 
speed of rotation is systematically varied from zero to 
a point of fusion. 
The obtained experimental data was treated as a three 
way factorial analysis of variance carried out without rep-
lication.1 The data obtained from each subject was consi-
dered to be a replication of the experiment, therefore sep-
arate statistical analyses were carried out for each of the 
four subjects. The two measures analyzed consisted of 540 
displacement scores and 540 duration scores for each sub-
ject. The duration scores were transformed to a logarithmic 
scale and since zero counts were present the transformation 
took the form of log (x ~ 1). The displacement scores 
were handled by a Freeman-Tukey transformation of ..;x +v X+ 1 
to decrease the non-normality of the variable. 
1. Edwards, A. L., Experimental Design in Psychological 
Research, Rhinehart, New York, 19SO, 237-264. 
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B. Experimental Results 
Subject #1 
The displacement data consisted of 540 measures. Twelve 
speeds were presented three times each day for fifteen days. 
In the analysis of variance S refers to the effect contributed 
by speed, D refers to the effect contributed by days, and R 
refers to replications. S was significant at (.01 (F ratio 
2882.49 with 11 and 308 degrees of freedom). Therefore the 
null hypothesis can be rejected. In addition D was signifi-
cant at < .01 level (F ratio 34.91 with 14 and 308 degrees 
of freedom) and D x S was significant at ~.01 level (F ratio 
10.84 with 154 and 308 degrees of freedom). 
Days were then analyzed by correlating the mean day 
score With its order of occurrence. The r' was .29 and was 
not significant. Therefore, for subject #1 the significance 
of days was not attributable to a systematic decrement or in-
crement of displacement scores over the 15 day period. 
Since D x S was significant, it meant that the daily 
curves differed. The possibility that the obtained curve 
for any one day did not significantly differ from the grand 
mean pattern was analyzed by runs. If the day curve crossed 
the grand mean curve frequently, then it would be interpreted 
that the-variation was random; whereas if the day curve crossed 
the grand mean curve only rarely, then it would be non-ran-
dom variation and would represent a significant departure 
from pattern. The fifteen days were analyzed separately and 
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corrected for vertical displacement with the result that only 
days 1 and 15 were significant and hence not attributable 
to random variation. 
Another change that occurred over days was the modal 
speed of maximum displacement. This subject shifted his mode 
between 37 and 76 rpm in the following distribution: 5 days 
at 37 rpm, 5 days at 61 rpm, and 5 days at 76 rpm. For this 
subject, the displacement measure allows rejection of the 
null hypothesis and since the difference was in the expected 
direction, the alternate hypothesis is supported. 
The 540 duration measures were analyzed in the same way. 
For duration S was significant at the <.01 level (F ratio 
1151.82 with 11 and 308 degrees of freedom). Therefore the 
null hypothesis was rejected and the alternate hypothesis 
supported. D was significant at <.Ol level (F ratio 11.71 
with 14 and 308 degrees of freedom), S x D was significant at 
< .01 level (F ratio 13.27 with 154 and 308 degrees of free-
dom), and S x R was significant at <.Ol level (F ratio 2.01 
with 22 and 308 degrees of freedom). 
The correlation of days with the ne an day score was 
r' .37 which was not significant. It was not possible to re-
ject the null hypothesis that the significance in day scores 
was due to random variation. 
An analysis Qf runs after correcting for vertical displace-
ment revealed that days 9, 10, 14 and 15 were significant and 
for those four days the null hypothesis of random variation 
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was rejected. 
For Subject #1, both displacement and duration measures 
were significant on the speed variable. Figures 3 and 4 rep-
resent curves obtained from this subject on displacement and 
duration respectively. 
Subject #2 
Twelve speeds were presented three times each day for 
fifteen days. The displacement data consisted of 540 mea-
sures. In the analysis of varianceS was significant at <.Ol 
(F ratio 246.31 with 11 and 308 degrees of freedom). The null 
hypothesis was rejected and since the difference was in the 
expected direction the alternate hypothesis was supported. 
D was significant at <.Ol (F ratio 13. 51 With 14 and 308 
degrees of freedom) and D x ~ interaction was significant at 
<.Ol (F ratio 2.14 with 154 and 308 degrees of freedom). 
In order to examine whether there was a consistent trend 
in D, the overall day means were correlated with the order of 
days occurrence and was not significant (r' of .05). There-
fore, it was not possible to reject the null hypothesis that 
the changes that occurred for days were due to random varia-
tion. 
An analysis of runs was done to determine whether the 
variations of the curve for each day crossed the grand mean 
curve significantly frequently to be cJnsidered random fluc-
tuations." Correcting for vertical displacement, days 2, 14 
and 15 crossed infrequently and thus represent departure from 
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pattern about the grand mean. The other twelve days were not 
significant, therefore it was not possible to reject the hy-
pothesis of random variation. 
The modal speeds for each day were examined. This sub-
ject varied between 37 and 76 rpm in the following manner: 1 
day at 37 rpm, 7 days at 61 rpm, and 7 days at 76 rpm. 
An analysis of variance on the 540 duration scores showed 
S to be significant at <.01 (F ratio 1080.95 with 11 and 308 
degrees of freedom). The null hypothesis of no difference 
across speeds was rejected and since the difference was in 
the expected direction, the alternate hypothesis is supported. 
D was significant at <.Ol (F ratio 45.61 with 14 and 308 de-
grees of freedom), R was significant at(.Ol (F ratio 5.97 
with 2 and 308 degrees of freedom) and D x S interaction was 
significant at {.01 (F ratio 17.00 with 154 and 308 degrees 
of freedom). 
Days were correlated with day means which yielded an r' 
of .00 which was not significant. Therefore the null hypo-
thesis of random variation could not be rejected. For this 
subject for both duratioa and displacement measures, the 
changes attributable to days did not depart from random var-
iation. 
In order to ascertain whether there were significant de-
partures from pattern represented by frequent crossings of 
the grand mean, an analysis of runs was done after correcting 
for vertical displacement. Only day 9 was significant, so 
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for this day the hypothesis of random variation from pattern 
was rejected. 
For Subject #2, both displacement and duration measures 
were significant across speeds. Figures 5 and 6 represent 
the curves obtained. 
Subject #3 
The displacement data consisted of 540 measures: twelve 
speeds presented three times each day for fifteen days. In 
the analysis of varianceS was significant at <.Ol (F ratio 
693.51 with 11 and 308 degrees of freedom). The null hypo-
thesis of no change across speeds was rejected and since the 
differences were in the expected direction the alternate hy-
pothesis was supported. D was significant at (.01 (F ratio 
46.58 with 14 and 308 degrees of freedom) and D x S was sig-
nificant at <.Ol (F ratio 6.51 with 154 and 308 degrees of 
freedom). 
The correlation of days with the mean day score was sig-
nificant at (.Ol (r' of -.64). For this subject the null hy-
pothesis was rejected. There was a significant decrement in 
the displacement score across days. 
An analysis of runs of the D x S interaction revealed 
that days 7,8, 12 and 15 were significant. For those four 
days the null hypothesis of random variation was rejected 
and a significant departure from pattern occurred. 
The modal speeds for each day were examined. This sub-
ject varied between 21 and 76 rpm in the following manner: 
SUBJECT 2 
DISPLACEMENT 
2.10 
o'L-----------------------------~~ 0 500 
SPEED 
FIGURE 5' 
SUBJECT #2: OBTAINED DISPLACEMENT CURVE 
ACROSS SPEEDS 
5'5' 
5'6. 
.9 DURATION 
0·~--------------------------~~~ 0 500 
SPEED 
FIGURE 6 
SUBJEI:T #2: OBTAINED DURATION CURVE ACROSS SPEEOO 
?7 
1 day at 21 rpm, ? days at 37 rpm, ? days at 61 rpm, and 4 
days at 76 rpm. 
An analysis of variance of the ?40 duration scores 
showed S to be significant at <.Ol (F ratio 627.?3 with 11 
and 308 degrees of freedom). The null hypothesis was re-
jected and since the differences were in the expected direc-
tion the alternate hypothesis was supported. D was signi-
ficant at <.Ol (F ratio 1?.70 with 14 and 308 degrees of 
freedom) and D x S was significant at (.01 (F ratio ?.07 
with 308 degrees of freedom). In addition, these duration 
scores produced significance on S x R at <.O? (F ratio 
1.79 with 22 and 308 degrees of freedom). 
A further analysis of D was done by correlating days 
with the day means. This was significant at <.Ol (r' of 
-.78) which meant the null hypothesis of random variation 
was rejected. There was a significant trend toward lower-
ing of duration scores across days. 
The D x S interaction was subjected to an analysis of 
runs first correcting for vertical displacement. Days 3, 
6 and 8 were significant which meant the null hypothesis of 
random fluctuations for those three days was rejected. For 
the other twelve days the null hypothesis could not be re-
jected which was interpreted to mean they did not signifi-
cantly depart from pattern. 
For Subject #3, both displacement and duration measures 
were significant across speeds. Figures 7 and 8 are the ob-
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tained curves. 
Subject #4 
The displacement data again consisted of 540 measures: 
twelve speeds presented three times each day for fifteen days. 
In the analysis of variance S was significant at <.Ol (F ra-
tio 461.83 with 11 and 308 degrees of freedom). The null hy-
pothesis of no change across speeds was rejected and since 
the differences were in the expected direction the alternate 
hypothesis was supported. D was significant at (.01 (F ra-
tio 10.90 with 14 and 308 degrees of freedom) and D x S was 
significant at (.01 (F ratio 9.49 with 154 and 308 degrees 
of freedom). 
To determine whether there was a significant trend over 
D, days were correlated with the day means and were signifi-
cant at <.Ol (r' of -.92). Therefore, the null ~ypothesis 
of random variation was rejected. There was a significant 
decrement in displacement measures across days. 
The D x S interaction was subjected to an analysis of 
runs to determine if the day curve crossed the mean curve 
frequently enough to be considered consistent with the mean 
curve. Only day 5 was significant and for that day the null 
hypothesis of random variation was rejected. For the other 
fourteen days the null hypothesis of random variation about 
the mean curve could not be rejected,which was interpreted 
as not a significant departure from pattern. 
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The modal speeds were examined and it was found that 
this subject varied from 21 rpm to 260 rpm. Since this was 
such a large spread, the position of the modal speed in the 
sequence of presentation was examined. For nine days the 
modal speed coincided with the first speed presented, and 
one additional modal speed coincided with the second speed 
presented. On the assumption that this subject responds 
differentially to his first as compared to all subsequent 
speeds, the second mode was examined. For the second mode 
the subject ranged from 37 to 134 rpm in the following manner: 
2 days at 37 rpm, 4 days at 61 rpm, 7 days at 76 rpm, 1 day 
at 94 rpm, and 1 day at 134 rpm. This is still a wider range 
than the other three subjects, therefore a further analysis 
was done to determine if this tendency on the first speed 
was a general trend for all speeds. The magnitude of the 
aftereffect for each speed was correlated with the order of 
presentation for the day. On displacement scores, days 6 
and 7 were significant at <.05 and (.025 level (r' of .54 
and r• of .65). For these two days, then, the hypothesis 
of random variation due to sequence of presentation was re-
jected. For the other thirteen days, however, there was no 
overall trend. The duration scores were subjected to this 
same analysis and day 11 was significant at<.05 (r' of .54). 
Overall, however, for both duartion and displacement there 
was not a general trend of magnitude of effect wtth sequence 
of presentation. 
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The analysis of variance on the 540 duration scores 
showed S to be significant at <.01 (F ratio 1066.88 with 11 
and 308 degrees of freedom). Therefore the null hypothesis 
was rejected and since the differences were in the expected 
direction the alternate hypothesis was supported. D was 
significant at <.Ol (F ratio 14.43 with 14 and 308 degrees 
of freedom). D x S was significant at <.01 (F ratio 7.12 
With 154 and 308 degrees of freedom). D was further analyzed 
by correlating days with the day means and this was not sig-
nificant (r' of .41), therefore the null hypothesis of ran-
dom variation could not be rejected. 
The D x S interaction was subjected to an analysis of 
runs which revealed that no day was significant; therefore, 
the null hypothesis of random variation about the grand mean 
could not be rejected. This was interpreted to mean that 
the duration measures for all fifteen days did not signifi-
cantly depart from pattern. 
For both displacement and duration measures speed was 
significant. Figures 9 and 10 are the obtained curves. 
All Subjects 
Since D x S was significant for all the subjects a fur-
ther examination of the data was made to determine if by pool-
ing all subjects, a systematic shift in pattern over days 
cDuld be observed. Therefore, all subjects were pooled in 
five day blocks of means across speeds. By inspection there 
was no systematic shift in pattern. Therefore D x S is a 
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consistently significant interaction for all subjects but no 
generalization about What the change is, can be made from this 
data, 
A coefficient of concordance 2 was done on the correla-
tion of day means with days to determine if this was a gener-
al difference for all subjects or was a reflection of indivi-
dual differences. For displacement W was .3)2 and not signi-
ficant (F ratio 1.63 with 13 1/2 and 41 1/2 degrees of free-
dom). For duration W was ,249 and not significant (F ratio 
.99 with 13 1/2 and 41 1/2 degrees of freedom). Since nei-
ther F is significant the sets of ranks do not show agree-
ment beyond what might be produced by sampling variance, There-
fore it is not possible to say that there is a general trend 
of differences across subjects. 
Pearson product moment correlations3 were done on two 
selected days for each subject correlating their displacement 
and duration measures, The days were selected from the anal-
ysis of runs results in such a way that varied the significance 
of the two measures, i.e, for subject #1, day #1 was chosen 
because displacement was a significant departure from pattern 
and duration was not, whereas day #15 was chosen because both 
duration and displacement significantly departed from pattern. 
2, Walker, H. and Lev, J.l Statistical Inference, Henry Holt 
and Co~, New York, 19)3, ~~4-286. 
3, Walker, H., Elementary Statistical Methods, Henry Holt 
and Co,, New York, 1943, 22$-226, 
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For subject #1 the correlations of the two measures were 
r,... 78 and r..:: .88 for days #1 and #15 respectively. For sub-
ject #2 the correlations were r:=-.92 and r=.94 for days #8 
and #9. For subject #3 the correlations were r.: .88 and 
r.: .94 for days #3 and #12. For subject #4 the correlations 
were r=.88 and r=.93 for days #3 and #8 respectively. 
CHAPTl!R VI 
DISCUSSION OF RESULTS 
A. Evaluation of Results 
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At the conclusion of the experiment there were signifi-
cant findings in addition to the predicted one of speed. Far-
ther analyses were applied in order to determine what meaning 
could be attached to them. The findings will be examined as 
they relate to theoretical considerations and will be dis-
cussed in terms of their psychological meaning. 
1. Interpretation of Findings 
For all subjects speed was significant and the differ-
ences were in the expected direction. The function of speed 
on the spiral aftereffect is generally stable so that the ob-
tained curves are consistent both for duration and displace-
ment for all subjects. In all cases the aftereffect rapidly 
increases as speed ascends and then gradually decreases with 
the maximum point of the aftereffect appearing between 37 and 
76 rpm. The data supports the assumption that the curviline-
ar relationship between rotation speed and the spiral after-
effect is a stable general function. 
For all four subjects two findings were not predicted; 
namely, days and speed x days interaction. Further analysis 
of days revealed that for subjects #1 and #2 the null hypo-
thesis of random variation on both displacement and duration 
scores could not be rejected. For subject #3 there was a 
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significant decrement over days on both duration and displace-
ment scores and for subject #4 there was a significant decre-
ment over days on the displacement measure. There was no gen-
eral trend over days that could be found for all subjects, so 
the differences that occurred across the subjects are ascribed 
to individual differences. The results of subject #3 are the 
most discrepant and it may be that the individual difference 
notedhere is related to his impaired vision (20-60 with glasses). 
It is also interesting to note that after day 6 this subject 
no longer obtained an aftereffect on speeds 0,3,200, 260 and 
500 rpm. Other subjects dropped off of either speed 3 or 260 
rpm in addition to the two extreme speeds, but no ffiher subject 
consistently failed to obtain the aftereffect on five speeds. 
It is difficult to specify exactly in what way subject #3's 
visual impairment may have influenced this finding, but it is 
a concurrent discrepancy between this subject and the other 
three. 
The D x S interaction was significant for all subjects. 
A further analysis by runs revealed that, in general, depar-
ture from pattern was not significant. This interaction can 
be interpreted to mean that there are idiosyncratic changes 
across days and speeds that occur for all subjects. It was 
not possible to determine what these changes were as there 
was no apparent pattern. It may be that since a large part 
of the variance was absorbed by speeds and the resultant er-
ror term was small, this interaction, which might otherwise 
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be random, is statistically significant. In other words, D 
x S may not be a psychologically significant result although 
it is statistically significant. These changes on speeds that 
occur over days are possibly due to complex factors interacting 
in such a way that they may reflect interaction of uncontrolled 
organismic variables (metabolic changes), artifacts of instru-
mentation, external variables as slight changes in room illum-
ination. In summary, the meaning of the S x D interaction is 
that complex interacting idiosyncratic factors occur for all 
individuals, however, it was not within the scope of this 
study to explore systematically what. these variables were. 
There is an interesting difference between the two mea-
sures: displacement and duration. Displacement measures for 
all four subjects revealed the same three sources of variance 
significant; namely, speeds, days and S x D. In addition to 
these three sources of variance reaching significance on the 
duration measures, replications for subject #2, and S x R for 
subjects #1 and #3 also were significant. Oneimplication of 
this finding may be that displacement is a more stable mea-
sure of the spiral aftereffect. 
The duration and displacement measures correlated between 
r =. 78 and r =. 94. With a short inspection period of 30 se-
conds as in this study, this level of correlation is consis-
tent with other figural aftereffects. 
An examination of the modal speeds for all four subjects 
revealed that there is not a stable optimum speed point for 
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for the aftereffect. In general, however, the optimal speed 
ranged between 37 and 76 rpm. Subject #4 showed the widest 
range of modal speed even on his second mode. This subject 
responded differentially to the first speed presented as com-
pared to all subsequent speeds. His wider range of optimal 
speed for the aftereffect from day to day may be indicative 
of a general greater variability. This subject was the only 
one who consistently had difficulty in adjusting the vernier 
continually in one direction. When he removed his hand to 
get a new position on the knob in order to turn further in a 
counter clockwise direction, he frequently slipped the knob 
clockwise. It may be that the greater variability of his re-
cord is partially a fUnction of this adjustment procedure. It 
seems unlikely that this could entirely account for the great-
er variability in his measures. 
Another way in which the individual differences were man-
ifested was in the magnitude of the aftereffedt. One subject 
had high overall scores, one subject had low, and two subjects 
fell within a medium range. For two subjects the duration mea-
sures were at a high level while displacement was moderate. 
For one subject duration measures were not less stable than 
displacement measures (the same three sources of variance were 
significant). One possible interpretation of this may be that 
for some subjects duration is as reliable a measure of the af-
tereffect as displacement. 
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2. Discussion of Theories 
The vector field theory is not capable of dealing with 
an aftereffect. It predicts that a circular path of movement 
will appear to decrease in diameter as a function of speed. 
This theory in its present form cannot be called upon to ex-
plain the phenomenon of aftereffects in general and does not 
contain provisions for extending it to the complex effect of 
the spiral aftereffect. 
The Kohler and Wallach and the Osgood and Heyer theories 
are essentially the same. The major departure of the statis-
tical summation theory is its translation into a neurological 
framework. These two extant theories would predict an expan-
sion aftereffect for either rotation direction of the spiral. 
Kohler and Wallach disregard neural pathways and view the 
cortex as a volume conductor so that it is not easily adapt-
able to further hypothesizing of gradients of satiation. Al-
though it has not been possible to extend the Osgood and Heyer 
theory so that it will predict the direction of the spiral af-
tereffect, included here is a tentative extention which can 
account for the differences in the aftereffect across speeds. 
The assumptions of the statistical summation theory are 
included here as assumptions. In addition the following points 
are added: 
1. For any given series of cortical points the pattern 
of stimulation from a moving spiral arm at any given time is 
represented by an asymmetrical gradient of excitation which 
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slopes upward in the direction of the leading edge, The slope 
represents the relative recovery of these cortical points. 
2. It is consistent with the neurophysiological theory 
that spiral speed increments are translated into frequency of 
stimulation, i.e. the greater the speed, the greater the fre-
quency that a given spiral arm passes a given point. For slow 
speeds the frequency of stimulation is small; for fast speeds 
the frequency of stimulation is large. 
3. Repetitive stimulation creates neural exhaustion; 
the greater the frequency of stimulation, the greater the ex-
haustion and the greater the time needed for recovery. 
4. Across ascending speeds, the frequency of firing will 
first be small, build to some maximum point and decrease as 
the limit of the nerve fibers is reached. It is assumed fusion 
occurs with very rapid stimulation because retinal elements 
fail to follow the physical stimulus, thus cortical elements 
are fired less frequently. 
5. Speed changes the slope of the exhaustion gradient 
for any series of cortical points by first extending in depth 
the point of maximal satiation until the maximal point for the 
nerve fibers is reached. 
6. In the static figural aftereffect the test figure is 
displaced and eventually appears normal. It is assumed that 
movement has actually occurred from the displaced position to 
the normal position but is not reported as movement occurs 
slowly. In the spiral situation it is assumed the whole pro-
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cess is speeded up so that movement is perceived. 
7. With ascending speeds, then, the exhaustion gradient 
is steeper, which in turn Will allow for an increase in dis-
placement and hence an increased aftereffect. 
The above statements lead to a hypothesis that across as-
cending speeds the aftereffect will first increase and then 
decrease as the limit of the fibers is reached. 
An explanation of this formulation is included here to 
clarify the relevance of the points made. In Figure 11 the 
I curve represents the flattened distribution due to recovery 
before the T contour is presented, and the parallel initial 
adaptation curve is omitted which would be displaced verti-
cally. Ta represents the resultant curve. Since apparent 
localization coincides with the point of maximal excitation, 
in this case c, the test figure is displaced from A, appears 
dimmer because D is lower than B, and appears to expand as C 
returns to A as the adaptation recovers. This diagram repre-
sents a gradual slope of exhaustion as it wo·c1ld be for a slow 
speed. In Figure 12 the slope is much steeper as it represents 
a more rapid speed. For Figure 12 the point of maximal exci-
tation, c, is displaced further away from A than for Figure 11 
and therefore the aftereffect is greater. 
Two additional points can be made clear from these dia-
grams. In the second case, it might be assumed that the maXi-
mal excitation falls within non-firing neurons. Since the 
aftereffect cannot be obtained until the neurons fire, this 
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FIGURE 11 
THEOREI'ICAL DIAGRAM OF SLOW SPEED SPIRAL AFTEREFFECT 
-..:1 
~ 
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FIGURE 12 
THEORETICAL DIAGRAM OF FAST SPEED SPIRAL AFTEREFFECT 
, 
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indicates that there will be an initial delay of onset until 
the adaptation curve recovers to the point where the point of 
maximal excitation falls within firing neurons. All four sub-
jects noted the delay of onset of the aftereffect on occasion-
al trials. If this situation, of maximal excitation falling 
within the area of non-firing neurons, exists across many cor-
tical points then there will not only be a delay before the 
onset of the aftereffect, but also parts of the test patch will 
be obliterated. Verbal reports from subjects #1 and #3 indi-
cated that this occurred. There were times when on first view-
ing the test wheel, some of the radiating spokes appeared dis-
connected. These phenomena were not systematically recorded 
but it may be that they are more prevalent at one speed than 
another. 
Secondly, the difference between the I curve in Figure 11 
and Figure 12 represents differences in depth due to greater 
frequency of firing caused by different speeds. Osgood and 
Heyer point out that the most fatigued fibers recover the fast-
est. This means that the aftereffect for Figure 12 will ap-
pear to expand more rapidly at first, whereas in Figure 11 the 
aftereffect will move comparatively more slowly and appear 
gradual. From cursory examination of the test records it is 
obvious that for 76 as compared to 3 rpm, the initial rate of 
expansion is greater. 
The modal speed would be dependent upon the condition of 
the nerve fiber, i.e. whether it was available to be fired. 
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It is reasonable to assume that there is a range of excitabil-
ity for any given nerve fiber from time one to time two due to 
changes in metabolism, previous excitation, etc, It can be 
derived, then, from this theory extension that the optimal 
speed for the aftereffect will vary over time as a function 
of the underlying neur.al condition. These same differences 
in neural responsiveness may also occur across individuals so 
that differences in magnitude of the aftereffect may repre-
sent some general measure of neural responsiveness for a given 
individual. 
Further evidence would be useful for extending the Osgood 
and Heyer theory so that it could make a prediction for the 
direction of the aftereffect, At present this theory would 
suggest that the spiral aftereffect would be expansion regard-
less of the direction in which it was rotated since displace-
ment occurs toward the least satiated area. In the case of 
the spiral, the least satiated area would lie outside the test 
figure and therefore expansion would occur. This theory would 
also predict that a rotating disk with radiating spokes or any 
other demarcation on it would satiate the same area and the 
aftereffect would be again expansion. If empirical evidence 
indicates that a rotating wheel with radiating spokes does not 
produce an aftereffect of expansion, then clearly the theory 
will need to take into account the spiral configuration. 
This study utilized an hyperbolic spiral rather than the 
Archimedes spiral quoted in the literature, Both spirals pro-
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duce aftereffects of expansion and contraction when rotated 
in opposite directions. Therefore the aftereffect from one 
spiral should be comparable to the aftereffect obtained on 
the other. 
The spirals differ in two ways. First, the Archimedes 
spiral arm is a constant width from the periphery to the cen-
ter whereas the hyperbolic spiral arm is widest at the peri-
phery and becomes progressively narrower as it approaches the 
center. Second, the Archimedes spiral arm expands at a con-
stant rate whereas the hyperbolic spiral expands at an unequal 
rate with much larger arcs toward the periphery. These dif-
ferences in the stimulus may create subtle changes in the 
phenomenal experience. 
For the hyperbolic spiral where the arcs are largest to-
ward the periphery, the spiral afro traverses much more rapidly 
at the periphery than at the center. At the periphery because 
of the increased rate of movement, fatigue develops more slow-
ly than at the center. This assumption rests upon the follow-
ing explanation. At the periphery as each neural point is 
stimulated the next point is fired immediately afterward. As 
the second point is stimulated before the first point has re-
covered from its absolute refractory period, the second point 
does not refire the first neuron. However, at the center of 
the spiral where the arcs are smaller, the rate of stimulation 
from the first point to the second point is slower. Since 
there is a delay between adjacent points at the center of the 
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hyperbolic spiral, the first neuron has time to recover from 
its absolute refractory period and fires a second time when 
the adjacent point is stimulated. In this way, differential 
satiation occurs between the periphery and the center of the 
hyperbolic spiral with the greatest satiation at the center. 
The phenomenal experience of the aftereffect with the hyper-
bolic spiral was that the center continued to expand longer 
than the periphery. This was not systematically examined in 
this study. For the Archimedes spiral where the spiral arm 
expands at a constant rate from the center to the periphery, 
there should be no differential satiation across the spiral. 
A comparison of the two spirals should show the differential 
satiation on the hyperbolic spiral and no differential sati-
ation on the Archimedes spiral. 
Future theories to account for the spiral aftereffect 
would be aided in development by obtaining more empirical in-
formation as suggested in the preceding discussion. 
B. Implications of the Results 
In general, the results of the present study are consis-
tent with the main body of literature on figural aftereffects. 
In particular, this study has shown that With increments in 
rotation speed of the spiral, the aftereffect of expansion 
will first increase rapidly and then gradually decrease. 
Certain theoretical implications may be drawn from this 
study. First, although the form of the function of speed may 
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be of a general nature and apply to all individuals, the spe-
cific parameters may be different for each subject, Since 
large individual differences are found for all aftereffects, 
their application to pathological groups would suggest that 
these initial individual differences will have to be ~ccounted 
for before generalization about the differences due to groups 
can be made, 
Second, it should be possible to make a prediction for 
the effect of speed on the spiral aftereffect for brain damaged 
subjects. There are several possible ways that can account 
for the assumption that organicity represents a heightened 
level of exhaustion of nerve fibers. Damage or extirpation 
of cortical tissue might reduce the number of neurons, The 
location of the lesion may involve the visual projection sys-
tem and reduce the efficiency of these neural pathways. Edema 
associated With tissue damage may extend the area of altered 
tissue functioning, Empirically for normals, the optimal speed 
was found to be between 37 and 76 rpm. A 78 rpm speed was used 
in most of the clinical studies. This is within the high end 
of the optimal range, One possible prediction of the curve 
for organics over ascending speeds would be that the afteref-
fect would reach its mode at slower speeds (than for normals) 
and disappear long before the point of fusion. This is to be 
understood by assuming the extent of exhaustion for a low speed 
is greater for an organic than for a normal so that here he can 
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obtain the aftereffect. However, since the organic's neural 
condition may already be at a higher level of fatigue, what 
may be a maximal speed for a normal may already be for the 
organic at the limit of the nerve fibers. Another possibil-
ity may be that the limit of the available nerve fibers is 
reached so quickly in an organic patient that he is unable 
to obtain the aftereffect. 
Other directions in which future research could go would 
be in further definition of the parameters of the spiral, such 
as contrast intensity, illumination, and inspection period. 
Some of the idiosyncratic factors that produced changes over 
speeds and days might be explored. 
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CHAPTER VII 
SUMW~Y AND CONCLUSIONS 
The purpose of the present study was twofold. First a 
new technique for assessing the extent of the spiral after-
effect was utilized; and second, one parameter of the spiral, 
speed of rotation, was systematically examined. A post hoc 
explanation was offered to explain the effect of speed on 
spiral aftermovement by an extension of the statistical sum-
mation theory which accounts for figural aftereffects with 
static stimulation. 
The recent literature on the spiral has consisted main-
ly of clinical studies establishing the diagnostic ability 
of the instrument for brain damaged subjects. In general, 
organics fail to obtain the aftereffect to criterion on re-
peated trials. Examination of the parameters of the instru-
ment itself has been limited by the lack of an adequate tech-
nique for assessing the extent of the aftereffect. The me-
thod of comparison and verbal reports with similar phenomen~ 
such as moving fields has clarified differential effects of 
brightness, width of contour, and gross speed changes. 
Explanations of the spiral aftereffect have been pro-
posed for both peripheral and central mechanisms. Present 
theories of figural aftereffects, based on central mechanisms, 
do not encompass the spiral phenomena as they only account 
for static stimulation. They are inadequate to predict either 
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the direction of the aftereffect, expansion or contraction, 
or the function of speed on the spiral aftermovement. The 
following prediction was based on pilot data with the intent 
to determine if speed was a stable general function of the 
aftereffect: 
As the speed of the spiral increases from zero to a 
point of fusion, the aftereffect will first increase 
and then decrease. 
A population of responses was sampled from four male 
employees of a Veterans Administration Hospital. In the 
present study twelve speeds of a hyperbolic spiral were ex-
amined: o, 3, 12, 21, 37, 61, 76, 94, 134, 200, 260 and 500 
rpm. Each speed was presented in a random sequence each 
day for fifteen days with three replications of each speed 
each day. The measures consisted of a duration and displace-
ment measure. The inspection period was 30 seconds for each 
presentation of the spiral. The experimental hypothesis 
tested was as follows: 
General Hypothesis: 
The speed of rotation of a spiral will determine the 
extent of the aftereffect when other variables are 
held constant. 
Specific Hypothesis: 
As speed of rotation of a spiral is increased from 
zero to fusion, the aftereffect will increase and 
then decrease. 
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A three classification analysis of variance was applied 
to the data. It was found that the specific hypothesis could 
be supported in the case of all four subjects. The data sup-
ports the assumption that the curvilinear relationship is a 
stable general function. Unexpected findings were that there 
was a significant effect over days, and a significant effect 
of days x speeds interaction. Further analysis of days re-
vealed that there was no general trend over days that could 
be found for all subjects. The difference that occurred 
across the subjects was ascribed to individual differences. 
Further analysis of S x D by analysis of runs revealed that 
very few days curves actually departed from pattern. This 
S x D interaction was interpreted to mean that idiosyncratic 
changes occurred for allsubjects across days and speeds. It 
was not possible to specify further what these changes were 
as there was no apparent pattern. It was pointed out that 
speed absorbed such a large part of the variance that the 
resulting error term was small and therefore this interaction, 
which might otherwise have been random, was statistically 
significant. It was suggested that complex interacting fac-
tors which vary for subjects and vary from one time to an-
other may be accounting for this significant interaction. 
Displacement was found to be the most stable measure 
of the aftereffect. Duration measures not only revealed speeds, 
days, and speeds x days significant but also replications and 
speeds x replications. An examination of modal speeds re-
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vealed that for all four subjects there is no stable optimum 
speed point for the aftereffect, but that in general it is 
between 37 and 76 rpm. Correlation of the two measures showed 
them to be highly correlated. 
Individual differences were manifested by the magnitude 
of the aftereffect. One subject had a high level, one sub-
ject had a low level, and two subjects fell Within a medium 
range. 
Implications of the experiment were discussed. In gen-
eral, the results were consistent with the main body of fi-
gural aftereffect literature. Specifically, this study showed 
that with increments in rotation speed of the spiral, the af-
tereffect of expansion will first increase and then decrease. 
Finally suggestions were made concerning further research 
which! night be carried out and which would be important for 
development of future theories which could account for the 
spiral phenomenon. The differences between the Archimedes 
and hyperbolic spiral were discussed as they applied to the 
phenomenal experience. The possible predictions for organic 
patients were discussed. 
are: 
The conclusions which may be drawn from the present study 
1. Under the conditions of the present experiment, the 
spiral aftereffect first rapidly increases and then gra-
dually decreases as a function of ascending speed rates. 
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2, Although the general function of speed is the same 
for all subjects, there are individual differences in 
magnitude of effect, 
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APPENDIX A 
THE HYPERBOLIC SPIRAL 
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APPENDIX B 
EXAMPLE OF A TEST R~ORD 
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li.PPEI<'DIX C 
ANALYSIS OF VARIANCE SUMMARIES 
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TABLE I 
SUBJ&:T #1: ANALY3IS OF VARIANCE 
DISPLACEMENI' 
Source of 
Vari!Ylce Sum of Sguares df Mean Sguare F p 
Speed 1347.56 11 122.51 2882.49 <.01 
Days 20.77 14 1.48 34.91 <.01 
Replications 0.04 2 • 02 • 50 N.S • 
S X D 70.93 154 .46 10.84 {.01 
S X R 1.20 22 .05 1.28 N.S. 
DxR 1.17 28 .04 .98 N.S. 
S X D X R 13.10 308 .04 
Total 1454.78 539 
TABLE II 
SUBJ&:T #1: ANALYSIS OF VARIANCE 
DURATION 
Source of 
Var;i_ance Sum of Sguares df Mean Sguare F p 
Speed 145.70 11 13.24 1151.82 <.01 
Days 1.88 14 .13 11.71 <.01 
Replications .00 2 .00 • 09 N.S • 
SxD 23.53 154 .15 13.29 <.01 
S X R .51 22 .02 2.01 <.01 
DxR .40 28 • 01 1.26 N.S • 
Sx D x R 3.54 308 .01 
Total 175.58 539 
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TA.BLE IV 
SUBJECT #2: ANALYSIS OF VARIANCE 
DURATION 
Source of 
Variance Sum of Sguares df Mean Sguare F p 
Speed 73.72 11 6.70 1080.95 <.01 
Days 3.96 14 .28 45.61 <.01 
Replications .07 2 .04 5.97 <.01 
S X D 16.23 154 .10 17.00 <.01 
S X R .12 22 .01 .90 N.S. 
DxR .19 28 .01 1.13 N.S. 
S x D X R 1.92 308 .01 
Total 96.22 539 
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TABLE v 
SUBJEI:T #3: ANALYSIS OF VARIANCE 
DISPLACEMENr 
Source of 
Variance Sum of Sguares df Mean Sguare F ;E 
Speed 361.59 11 32.87 693.51 <..01 
Days 30.91 14 2.21 46.58 <.01 
Replications .01 2 • 01 .15 N.S • 
S X D 47.52 154 .31 6. 51 <.ol 
S X R . 1.40 22 .06 1.34 N.S • 
DxR 1.48 28 .05 1.12 N.S. 
SxDxR 14.61 308 .05 
Total 457.52 539 
TABLE VI 
SUBJF.x::T #3: ANALYSIS OF VARIANCE 
DURATION 
Source of 
Variance Sum of Sguares df Mean Sguare F p 
Speed 156.01 11 14.18 627.53 <.01 
Days 4.97 14 .35 15.70 ~.01 
Replications .08 2 • 04 1.89 N.S • 
s X D 17.66 154 .11 5.07 <.01 
S X R .89 22 .04 1. 79 <.05 
DxR • 67 28 .02 1.07 N.S • 
SxDxR 6.96 308 .02 
Total 187.24 539 
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TABLE VIII 
SUBJEI!T #4: ANALYSIS OF VARIANCE 
DURAIIOIJ: 
Source of 
Variance Sum of Sguares df Mean Sguare F p 
Speed 134.96 11 12.27 1066.88 <.o1 
Days 2.32 14 .16 14.43 <.01 
Replications .oo 2 .oo • 05' N.S. 
S X D 12.61 15'4 .08 7.12 <.Ol 
S X R .21 22 .01 .83 N.S. 
DxR .27 28 • 01 • 85' N.S • 
S X D X R 3. 5'3 308 .01 
Total 15'3.91 5'39 
APPENDIX D 
MODAL SPEED SUMMARIES 
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TABLE IX 
MODA~ SPEEDS FOR .1LL SUBJ&:TS 
Subjects second 
Da:i:S 1 2 3 4 4mode 
1 '5 6 7 '5 6 
2 7 7 '5 '5 6 
3 7 '5 4 4 7 
4 6 7 7 9 '5 
'5 7 7 6 9 7 
6 '5 7 6 11 '5 
7 6 7 '5 4 9 
8 6 6.'5 '5 9 7 
9 7 6 7 '5 7 
10 '5 6 7 8 6 
11 6 '5 6 '5 6 
12 7 6.'5 6 7 7 
13 6 6 6 4 7 
14 '5 6 '5 6 7 
1'5 '5 7 '5 '5 8 
TABLE X 
SUBJECT #4: POSITION OF ~mDAL SPEED IN ORDER 
OF PRESENTATION 
First Position of 
Day Modal Speed Modal Speed 
1 5' 1 
2 5' 5 
3 4 1 
4 9 2 
5' 9 l 
6 ll l 
7 4 l 
8 9 l 
9 5' 7 
10 8 1 
11 5 1 
12 7 4 
13 4 1 
14 6 12 
15' 5' 6 
APPENDIX E 
CORRELATION SUMMARIES 
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TABLE XI 
CORRELATION OF DAY MEANS l'aTH DAYS 
DISPLACEMENT 
SubJect r• p 
1 .29 N.S • 
2 • 05 N.S. 
3 -.64 ~.01 
4 
-.92 L.Ol 
DURATION 
Sub.;ect r• p 
1 .37 N.S. 
2 0 N.S. 
3 -. 78 ,.ol 
4 • 41 N.S • 
COEFFICIENT OF CONCORDANCE 
w df F p 
Displacement .352 13 1/2, 
41 1/2 
1.63 N.S. 
Duration .249 13 1/2' • 99 N.S • 
41 1/2 
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TABLE XII 
SUBJEr!T #4: CORRELATION OF MAGNITUDE WITH 
ORDER OF PRESENTATION 
DISPLACEMENT DURATION 
Da r' p r' p 
1 .27 N,S, • 27 N.S • 
2 .31 N.S. .31 N.S. 
3 .30 N.S. • 21 N.S • 
4 .4Y N.S, .35 N.S, 
5 .06 N.S. -.10 N.S. 
6 .54 '.05 • 27 N.S • 
7 .65 ' .025 .29 N.S, 
8 .22 N.S. .36 N.S, 
9 0 N.S. .36 N,S, 
10 -. 02 N.S. ,08 N,S, 
11 • 26 N.S. .54 <.o05 
12 .31 N. S. ,20 N.S. 
13 • 34 N.S • .16 N.S, 
14 .13 N.S. .10 N.S. 
15 -.06 N.S. -.01 N,S, 
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TABLE XIII 
CORRELATIONS OF DISPLAC~ & DURATION MEASURES 
Day 1 Day 15 
Subject #1 • 78 .88 
Day 8 Day 9 
Subject #2 .92 .94 
Day 3 Day 12 
Subject #3 .88 .94 
Day 3 Day 8 
Subject #4 .88 .93 
APPENDIX F 
ANALYBIS OF RUNS SUM];:ARIFS 
and 
TABLE OF POOLED SUBJECTS 
MEAN DISPLACEMENT IN RIVE 
DAY BLOCKS 
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TABLE XIV 
ANALYSIS OF RUNSt DISPLACEMENT 
Su jects 
Days 1 2 4 
1 ~* .85 .61 • 53 
2 .17 .01 .95 • 79 
3 .19 ,24 .17 .17 
4 .98 • 79 .49 • 79 
5 .17 .65 ,20 .&2 
6 .65 .65 .20 • 74 
7 ,28 ,20 .02 ,28 
8 .93 .61 ....ru.. .65 
9 ,61, .65 .79 1.00 
10 ,61 .65 .65 • 79 
11 .95 ,20 .20 ,26 
12 1.00 .65 .02 .74 
13 ,61 .17 ,88 ,61 
14 .65 .01 .79 .20 
15 .01 .06 .01 .61 
*The underlining means a significant departure from pattern. 
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TABLE x:/ 
ANALYSIS OF RUNS: DURATION 
Subjects 
Days 1 2 3 4 
1 ;2o .11 .20 .20 
2 
.65 .33 .28 .17 
3 .20 .20 .08* .20 
4 1.00 .79 .26 .74 
5 .33 1.00 .65 .28 
6 .61 .65 .01 .74 
7 .49 .89 .79 .28 
8 .33 • 79 ..&2: .61 
9 .08 .&1 .28 .20 
10 .:.QQ. 1.00 .93 .79 
11 1.00 .33 .28 .65 
12 .83 .83 • 79 l.OO 
13 .65 1.00 .65 .79 
14 
.&1. 1.00 .28 .83 
15 .02 .39 .49 1.00 
*The underlining means a significant departure from pattern. 
TABLE XVI 
POOLED SUBJ:&:TS ].mAN DISPLACEMENT ACROSS SPEEDS 
IN FIVE DAY BLOCKS 
First Second Third 
five five five 
Speed days days days 
1 1.00* 1.00 1.00 
2 1.27 1.19 1.16 
3 2.27 2.31 2.37 
4 2. 72 2,81 2. 78 
5 3.22 3.13 3.12 
6 3.16 3.29 3.11 
7 3.12 3.22 2.99 
8 2.79 2.98 2.78 
9 2,41 2,34 2.21 
10 1.92 1.88 1.73 
11 1.48 1.49 1.45 
12 1.03 1.00 1.00 
6o 
*N for each score represents a mean of 60 scores. 
APPENDIX G 
RAW DATA 
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TABLE XVII 
SUBJECT #1: DISPLACEMENT SCORES 
Days 1 2 3 4 2 
Speed 
6 z 8 2 10 11 12 
1 1.00 2.14 3.56 4.49 5.57 4.98 5.04 5.04 3.81 2.81 2.56 1,40 
1.00 1.40 2.98 4.38 5.63 5.20 4.91 4.38 3.93 2,81 2.81 1.40 
1.00 1.40 3.87 4,22 5.36 4.91 4.98 4.66 3.75 2.81 2. 73 1,00 
2 1.00 1.90 3.62 3.62 4.10 5.04 5.20 4.83 3.20 2.02 1.00 1,00 
1.00 1.90 3.62 3-99 4.38 4.91 5.04 4.66 3.06 1.90 1.00 1.00 
1.00 2,02 3.45 4.16 4.27 4.74 4.59 4.43 3.56 2.46 1.90 1.00 
3 1.00 1.00 3.21 4.27 4.98 5.04 5.04 4.38 3.45 2.02 1.00 1.00 
1.00 2.14 3.21 4.66 5.04 5.14 5.20 4.32 2.98 2.02 1.00 1.00 
1.00 2.14 3.68 4.59 5.36 5.20 5.20 4.22 J.06 :?,46 1.00 1.00 
4 1,00 2.90 3.93 4.49 5.36 5.51 4.38 4,27 4.05 2. 56 1.90 1.00 
1.00 2,46 3.75 4.38 5.44 5.44 4.59 4.49 3.75 2. 56 2.14 1.00 
1.00 2,46 3.75 4.16 5.29 5.51 4.59 4.38 3.93 2,46 1.90 1.00 
5 1.00 2.02 3. 56 4.16 4.38 4.74 4.98 3.99 2.73 2.14 1.00 1.00 
1.00 1.90 3. 56 4.59 4.43 4.59 5.14 3.93 3.21 2.46 1.00 1.00 
1.00 2,64 3.35 4.43 4.43 4.78 5.29 3.81 2.81 1.90 1.00 1.00 
6 1.00 2,46 2,45 4.22 5.04 4.91 4.74 4. 53 3-99 2.64 1.00 1.00 
1.00 2,64 2.45 4.22 5.04 5.20 4.98 4.27 3.62 2.73 1.00 1.00 
1.00 2. 56 3.68 4.16 5.36 5.29 4.98 4.32 3.62 2,64 1.00 1,00 
7 1.00 2.46 4,32 4.32 5.36 5.82 5.57 5.14 4.16 3.28 2.35 1.00 
1.00 2.26 4.43 4.22 5.51 5.82 5.82 5.36 3.93 3.13 2.35 1.00 
1.00 2.56 4.38 4.59 5.72 6.01 5.82 5.20 4.22 3.28 2,02 1.00 1-' 
0 
8 1.00 1.00 4.10 4.74 4.59 5.92 5.36 5.29 3.28 3.56 2,02 1.00 00 
1.00 1.00 3.99 4.74 4.78 6.01 5.04 5.29 3.93 3.13 2,02 1,00 
1,00 1.00 3.93 4.66 4.91 5.82 4.91 5.04 3.45 3.81 2.02 1.00 
TABLE XVII CONTINUED 
SUBJECT #1: DISPLACEMENT SCORES 
-Speed 
8 Days 1 2 3 4 5 6 7 9 10 11 12 
9 1.00 1.75 3.93 4.83 4,74 5.25 5.25 4. 59 3.93 3.13 2.56 1.00 
1.00 1.00 4.32 4.49 4.78 5.29 5.36 4.66 4.05 3.45 2, 73 1,00 
1.00 1.00 4.22 4.83 4.74 5.04 5.20 4.78 3.68 3.13 2.35 1,00 
10 1.00 1.00 3.62 4.78 5.82 ?.04 5.72 4.91 3.99 2,81 2,14 1.00 
1.00 1.00 3.68 4. 53 5.36 5.14 5.57 4.38 4,22 2. 73 2,02 1.00 
1.00 1.00 3.93 4.66 5.72 5.36 5.57 4.66 3.68 2.73 1.40 1.00 
11 1.00 1.00 3. 56 4.59 6,01 5.82 4.91 5.72 3.45 2.ih4 2.73 1.00 
1.00 1.00 4.43 4.66 5.36 5.92 '5 .29 5.36 3.81 2.46 2.56 1.00 
1.00 1.00 4.27 4. 53 5.92 5.82 5.p4 5.29 3. 56 2.81 2. 56 1.00 
12 1,00 2,02 3. 56 5.29 4.91 5.25 5.82 4.83 3. 56 2.02 1.00 1.00 
1.00 2.14 3.13 5.36 4.83 5.36 5.82 4.32 3.~9 2,14 2.14 1.00 1.00 1.90 3.35 4.83 5.63 5.25 5.44 4~l0 3. 7 2,02 2.46 1,00 
13 1.00 1.90 3.35 4.49 4. 53 4.91 5.25 4.49 3.21 2.81 1.00 1.00 
1,00 1.90 3.21 4.43 4. 59 5.51 5.14 4.27 3.13 2.81 1.00 1.00 
1.00 1.90 3.45 4.16 4,66 5.63 4.91 4.59 2. 73 2.73 1.00 1.00 
14 1,00 1.00 4.10 5.63 5. 92 4.91 4.91 5.36 3.75 2.81 2,02 1.00 
1.00 1.00 4,49 5.29 5.44 4. 59 4.74 5.25 3.45 2. 56 2.:? 1.00 
1.00 1.00 4.32 5.92 5.51 4.83 5.04 5.25 3.45 2.90 2 .3!) 1.00 
15 1.00 2.14 4.43 5. 20 5.36 4.74 5.14 4.10 3.13 2.46 1.00 1.00 
1.00 2,14 4.27 4.27 5.63 4, 53 4.78 3.99 3.13 2.26 1.00 1.00 
1.00 1.90 4.32 4.49 5.63 5.36 5.04 3.99 3.13 2.02 1.00 1.00 
b 
'-'> 
TABLE XVIII 
SUBJECT #1: DURATION SCORES 
5 
Speed 
days 1 2 3 4 6 7 8 9 10 11 12 
1 0 1.15' 1.35' 1.34 1.35' 1.35 1.39 1.45' 1.26 1.15' 1.04 0.'70 
0 0.93 1.15' 1.35' 1.32 1.30 1.30 1.39 1.23 1.28 1.15' 0.85' 
0 1.08 1.28 1.30 1.37 1.23 1.40 1.28 1.20 1.29 1.20 0 
2 0 0.93 1.15' 1.28 1.31 1.43 1.33 1.39 1.27 1.04 0 0 
0 1.04 1.15' 1.29 1.30 1.44 1.36 1.27 1.28 0.93 0 0 
0 1.11 1.11 1.33 1.35 1.45 1.37 1.24 1.27 1.13 1.15' 0 
3 0 0 1.23 1.32 1.33 1.32 1.39 1.26 1.23 1.04 0 0 
0 1.02 1.20 1.40 1.34 1.36 1.37 1.28 1.26 0.90 0 0 
0 0.90 1.34 1.27 1.30 1.31 1.28 1.26 1.28 1.20 0 0 
4 0 1.19 1.45 1.36 1.38 1.36 1.31 1.29 1.33 1.16 1.00 0 
0 0.93 1.26 1.39 1.41 1.37 1. 35' 1.30 1.30 1.22 1.02 0 
0 1.10 1.24 1.36 1.34 1.37 1.37 1.30 1.35' 1.13 1.04 0 
5 0 1.16 1.32 1.34 1.39 1.42 1.48 1.38 1.08 1.06 0 0 
0 1.00 1.23 1.38 1.35 1.39 1.48 1.26 1.26 0.93 0 0 
0 1.13 1.20 1.34 1.41 1.40 1.41 1.31 1.11 1.04 0 0 
6 0 1.10 1.27 1.41 1.44 1.37 1.41 1.42 1.32 1.19 0 0 
0 1. 45' 1.27 1.29 1.34 1.36 1.43 1.45 1.30 1.29 0 0 
0 1.06 1.34 1.38 1.39 1.36 1.41 1.37 1.32 1.18 0 0 
7 0 1.13 1.45 1.34 1.41 1.33 1.49 1.45 1.39 1.40 1.13 0 
0 1.22 1.37 1.37 1.33 1. 53 1.42 1.40 1.34 1.22 1.19 0 
0 1.27 1.34 1.45 1.45 1.23 1.41 1.33 1.42 1.38 1.22 0 
8 0 0 1.43 1.47 1.40 1.46 1.46 1.54 1.39 1.29 1.04 0 ..... ..... 
0 0 1.32 1.35 1.39 1.39 1.44 1.51 1.47 1.22 1.13 0 0 
0 0 1.33 1.36 1.36 1.44 1.48 1.53 1.41 1.45 1.24 0 
TABLE XVIII CONTINUED 
SUBJECT #1: DURATION SCORES 
----·-
Speed 
Da:i:S 1 2 3 4 2 6 z 8 2 10 J.1 J.2 
9 0 0.93 1.32 1.44 1.41 1.41 1.43 1.40 1.43 1.34 1.11 0 
0 0 1.34 1.37 1.38 1.39 1.37 1.20 1.39 1.39 1.11 0 
0 0 1.37 1.29 1.37 1.41 1.45 1.33 1.39 1.26 1.19 0 
10 0 0 1.35 1.48 1.44 1.47 1.41 1.45 1.41 1.29 0.88 0 
0 0 1.30 1.34 1.55 1.33 1.41 1.44 1.38 1.35 1.00 0 
0 0 1.28 1.30 1.40 1.37 1. 51 1.43 1.30 1.26 0.90 0 
11 0 0 1.37 1.43 1.41 1.36 1.48 1.45 1.26 1.02 1.00 0 
0 0 1.41 1.39 1.49 1.45 1.42 1.34 1.41 1.10 1.06 0 
0 0 1.39 1.45 1.31 1.38 1.37 1.38 1.29 1.29 1.15 0 
12 0 0.95 1.36 1.44 1.45 1.42 1.41 1.53 1.31 1.04 0 0 
0 1. 00 1.34 1.45 1.41 1.41 1.45 1.45 1.40 1.06 1.06 0 
0 1.08 1.43 1.44 1.45 1.45 1.37 1.32 1.42 1.04 1.10 0 
13 0 0.90 1.36 1.44 1.51 1.64 1.55 1.48 1.39 1.29 0 0 
0 1.08 1.24 1.45 1. c:3 1. 56 1.57 1.49 1.31 1.29 0 0 
0 1.06 1.37 l. 54 1.45 1.60 1.45 1.54 1.27 1.19 0 0 
14 0 0 1.46 1.63 1.49 1.48 1. 51 1.54 1.49 1.48 o. 98 0 
0 0 1.54 1.57 1.54 1.45 l. 52 1.51 1.44 1.19 1.18 0 
0 0 1.45 1.50 1.48 1.48 l. 56 1.57 1.30 1.33 1.31 0 
15 0 1.19 1.64 1.58 1.60 1.64 1.55 1.51 1.44 1.31 0 0 
0 1.06 1.55 1.55 1.51 1.59 1.61 1.48 1.53 1.19 0 0 
0 1.15 1.53 1.51 l. 53 1.55 1.55 1.45 1.48 1.29 0 0 
1-' 
1-' 
1-' 
TABLE XIX 
SUBJJOC:T #2: DISPLACEMENT SCORES 
Days 1 2 3 4 '5 
Speed 
6 7 8 2 10 11 12 
1 1.00 1.00 2.02 2.02 2.46 2.98 2.46 2.14 2.46 1.90 2.46 1.00 
1.00 1.00 2.3'5 2.02 2.46 2. 73 2. 73 2.14 2.35 1.90 2.26 1.40 
1.00 1.00 2.14 2.26 2.46 2.46 2.56 2.46 2.35 1.90 2.02 1.75 
2 1.00 1.00 1. 75 1.75 1.60 2.02 2.14 2.02 2.02 1. 75 1. 75 1.00 
1.00 1.00 1.90 1.60 1.90 2.26 2.14 1.90 2.02 1.60 1.40 1.00 
1.00 1.00 1. 75 1. 75 1.40 2.02 2.26 1.90 2.02 1.40 1.40 1.00 
3 1.00 1.00 1.60 2.02 2.46 2.46 2.02 2.14 2.26 1.00 1.00 1.00 
1.00 1.00 Z.02 2.26 2. 56 2.35 2.14 2. 35 2.14 1.00 1.00 1.00 
1.00 1.00 1.40 1.90 2.35 2.46 2.26 2.02 2.02 1.00 1.00 1.00 
4 1.00 1.00 1.00 1.00 2.64 2.46 2.35 1.00 2.02 1.40 1.00 1.00 
1.00 1.00 1.00 1.00 2.14 2.14 2.26 1.00 2.02 1. 75 1.00 1.00 
1.00 1.00 1.00 1.00 2.14 2.02 2. 56 1.00 2.02 1.60 1.00 1.00 
5 1.00 1.00 1.00 1. 75 2.02 2.02 2.14 2.14 2.14 2.14 1.00 1.00 
1.00 1.00 1.00 2.02 2.14 2.14 2.35 2.14 2.26 2.02 1.00 1.00 
1.00 1.00 1.00 2.02 2.14 2.14 2;14 2.14 2.14 2. 35 1.00 1.00 
6 1.00 1.00 1. 75 1. 75 1.90 2.64 2.46 1. 75 1.90 1.90 1.90 1.00 
1.00 1.00 1.90 1.40 2.14 2.46 2. 73 1.75 1. 75 1. 75 1.40 1.00 
1.00 1.00 1. 75 1.75 2.26 :2.35 2.73 1.90 1.60 1.90 1.40 1.00 
7 1.00 1.00 1.00 1.60 2.02 2.02 . 2.35 1.90 2.02 1.90 1.40 1.00 
1.00 1.00 1.40 1.6o 2.02 2.02 2.26 1.90 1.90 1.40 1.40 1.00 
1.00 1.00 1.40 1.60 1.90 2.35 2.02 1.90 1.90 1.40 1.40 1.00 
8 1.00 1.00 1.60 2.46 2.14 2.46 2.64 2. 56 1.90 1.00 1.60 1.00 
1.00 1.00 1. 75 2.26 2.35 2.46 2.46 2.35 1.90 1.40 1.90 1.00 1-' 1-' 
1.00 1.00 1.90 2.02 2.14 2.64 2.46 2.46 1. 75 1.40 1.60 1.00 1\) 
TABLE XIX CONTINUED 
SUBJECT #2: DISPLACEMENT SCORES 
Da:£S 1 2 3 4 2 
Speed 
6 z 8 9 10 11 12 
9 1.00 1.00 1.40 2.26 2.26 2.26 1.90 1.90 1. 90 1.00 1.00 1.00 
1.00 1.00 L4o 1.90 2.02 2.02 2.14 2.02 2.02 1.40 1.00 1.00 
1.00 1.00 1.60 2.02 2.02 2.26 2.14 1.90 1.75 1.40 1.00 1.00 
10 1.00 1.00 1.00 1.75 2.02 2.02 2.14 2.46 1.90 1.40 1.40 1.00 
1.00 1.00 1.00 1.90 2.02 2.14 2.02 2.35 1.90 1.60 1.40 1.00 
1.00 1.00 1.00 2.02 2.02 2.26 2.14 2.35 1.60 1.75 1.60 1.00 
11 1.00 1.00 2.14 2.02 2.35 2.46 2.26 2.02 2.02 1.60 1.60 1.00 
1.00 1.00 2.02 2.02 2.56 2.46 2.35 2.26 1.90 1.40 1.40 1.00 
1.00 1.00 1.60 2.02 2. 56 2.35 2.26 2.14 2.14 1.40 l.40 1.00 
12 1.00 1.00 2.02 2.02 2.02 2.46 2.46 2.46 2.02 2.14 1.40 1.00 
1.00 1.00 1.90 1.90 2.14 2.56 2.56 2.26 2.02 ?.02 1.40 1.00 
1.00 1.00 2.02 2.02 2.26 2.46 2.46 2.35 1.90 2;02 1.40 1.00 
13 1.00 1.00 1.60 2.02 2.14 2.14 2.26 2.02 1.60 1.40 1.40 1.00 
1.00 1.00 1.75 1.90 2.35 2.46 2.14 2.02 1.60 1.60 1.90 1.00 
1.00 1.00 2.02 1.90 2.26 2.73 2.14 2.02 1.60 1.6o 1.40 1.00 
14 1.00 1.00 2.02 2.02 2.26 2.35 2.14 2.02 1.90 1.00 1.40 1.00 
1.00 1.00 2.35 1.90 2.14 2.26 2.02 1.75 l.6o 1.40 1.40 1.00 
1.00 1.00 2.35 2.02 1.90 2.14 2.02 1.90 1.75 1.40 1.40 1.00 
15 1.00 1.00 1.60 1.90 1.75 2.02 2.14 2.02 2.02 1.60 1.40 1.00 
1.00 1.00 1.60 1.75 2.02 1.90 2.26 2.14 1.90 1.60 1.40 1.00 
1.00 1.00 1.75 2.02 2.02 2.02 2.26 2.02 2.02 1.90 1.40 1.00 
I-' 
I-' 
w 
TABLE XX 
SUBJECT #2f DURATION SCORES 
Speed 
Days 1 2 3 4 2 6 z 8 2 10 11 12 
1 0 0 0.81 1.0R 0.90 1.16 o. 95' 0.95 l.M 0.93 1.00 o.6o 
0 0 1.00 0.95 0.95' 1.04 1.11 1.04 0.95 0.85 1.08 0.85 
0 0 0.93 1.04 1.08 0.88 1.04 0.95 1.08 o.65 1.04 0.79 
2 0 0 0.88 0.81 0 .6') 1.04 0.90 0.93 0.88 0.88 0.88 0 
0 0 0.85 b.88 0.85 0.98 0.95 0.93 1.00 0.98 0.74 0 
0 0 1.02 0.88 0.70 0.95 1.00 0.88 1.08 0.85 0.65 0 
3 0 0 0.8') 0.95 0.90 1.00 0.81 0.88 1.00 0 0 0 
0 0 0.81 0.95 1.02 0.98 0.90 0.98 0.90 0 0 0 
0 0 0.70 0.93 0. 95' 1.00 0.93 0.79 0.88 0 0 0 
4 0 0 0 0 1.10 1.02 1.06 0 o. 70 0.81 0 0 
0 0 0 0 0.98 0.98 0.95 0 0.95 b.88 0 0 
0 0 0 0 0.90 0.79 1.04 0 1.00 1.00 0 0 
5 0 0 0 0.74 1.02 0.98 0.79 o.90 o.81 1.00 0 0 
0 0 0 0.98 1.00 1.04 1.02 0.93 0.95 1.24 0 0 
0 0 0 0.98 1.00 0.9? 1.02 0.95 1.04 0.9? 0 0 
6 0 0 o. 88 o.81 1.04 1.10 0.98 1.00 0.85 0.79 0.70 0 
0 0 0.88 0.88 1.04 0.8') l..J..O 0.90 0.85 0.85 0.74 0 
0 0 0.95 0.81 0.85 1.06 1.10 0.95 6.85 0.88 0.85 0 
7 0 0 o.6o 0.93 0.93 0.90 0.98 0.81 0.90 o.81 o.6') 0 
0 0 0.74 o.81 0.88 0. 8') 0. 95' 0.79 o.81 0.65 o. 54 0 
0 0 0.74 0.79 1.1'5 1.00 1.00 0.81 0.85 0.74 0.81 0 
8 0 0 0.90 0.95 0.95 0 98 0.98 1.06 o.7o 0 0.65 0 .... . ' .... 
0 0 0.81 1.11 0.98 0.95 0.88 1.00 0.85 o.6o 0.85 0 
""' 0 0 0.81 0.93 0.90 1.06 1.08 1.!)8 0.88 0.81 o.65 0 
TABLE XX CONTINUED 
SUBJECT #2: DURATION SCORES 
""Speed 
Days 1 2 3 4 5' 6 7 8 9 10 11 12 
9 0 0 0.65' 0. 95' 1.02 1.04 1.00 o.85' 0.90 0.79 0 0 
0 0 0.65' 0.88 0.98 1.04 0.98 0.81 0.90 0.70 0 0 
0 0 0.70 0.95' 0.95' 1.08 1.08 o. 85' 0.88 0.88 0 0 
10 0 0 0 o. 79 1.02 0.79 0.90 0.8 5' 0.8 5' 0.74 0.74 0 
0 0 0 0.81 0.85' 0.93 0.90 0.98 0.81 0.60 o.6? 0 
0 0 0 1.00 0.90 1.02 1.00 1.04 o.6? 0.90 0.5'4 0 
11 0 0 0.88 0.90 o.8? 0.93 0.98 0.85' o.8? 0.79 0.5'4 0 
0 0 1.02 0.98 0.98 1.06 0.93 0.90 0.85' o.6o 0.6? 0 
0 0 0.93 0.88 0.98 0.98 0.93 0.93 0.88 0.93 0.5'4 0 
12 0 0 1.00 0.88 0.88 0.95' 1.02 0.93 0.93 o.s1 0.5'4 0 
0 0 0.81 0.79 0.93 1.00 0.98 0.95' 0.88 0.95' 0. 85' 0 
0 0 0.93 0.74 0.98 0.98 1.06 1.02 0.81 0.88 o. 60 0 
13 0 0 0.88 0.88 0.90 0.98 o. 95' 0.90 0.79 0.60 0.5'4 0 
0 0 0.13'5' o.B1 1.00 1.00 0.88 0.98 0.88 n.79 0.93 0 
0 0 0.98 0.79 1.02 1.00 1.00 0.93 0.65' 0.70 0.5'4 0 
14 0 0 0.95' 0.85 1.06 0.98 1.02 0.88 o. 85 0.60 o.6o 0 
0 0 o. 95' 0.79 0.98 0.93 0.79 1.02 0.85 0.65' 0.65' 0 
0 0 0.98 0.90 1.10 1.06 0.1''1 0.90 0.85 0.65' 0.85 0 
15 0 0 0.65 0.90 0.60 0.90 0.90 c.65' 0.85' 0.48 o. 70 0 
0 0 0.95 0.85 0.93 o.81 1.00 1.02 0.81 0.74 0.65' 0 
0 0 0.95 0.85 0.79 0.95' 0.95 0.79 0.98 o. 79 o.65 0 
1-' 
1-' 
'-'\ 
TABLE XXI 
SUBJ:Em #3: DISPLACEMENT SCORES 
-~ 
Speed 
Days 1 2 3 4 5 6 7 8 9 10 11 12 
1 1.00 1.00 3.35 3.21 3.45 3.06 3.87 3.06 2.14 1.00 1.40 1.00 
1.00 1.00 2.90 3.13 3.93 3.13 3.21 3.13 1.90 1.40 1.60 1.00 
1.00 1.00 3.13 3.06 3.35 3.21 3.87 3.06 2.14 1.60 2.02 1.00 
2 1.00 1.00 2.90 2.98 3.62 3.06 3.81 3.13 2.90 2 .. 81 1.40 1.00 
1.00 1.00 2. 73 2. 73 3.62 3.75 3.45 2.81 2.81 2.90 1.90 1.00 
1.00 1.00 2.81 3.45 3.93 3.87 3.75 2.81 2.73 2.46 1.40 1.00 
3 1.00 1.00 2.56 2.81 2.56 2.90 2.81 2.81 2.14 1.90 1.40 1.00 
1.00 1.00 1.90 3.06 2.73 2.81 2.81 2.64 2.14 1.00 1.40 1.00 
1.00 1.00 2.46 3.45 2. 56 2.46 2. 73 2.46 2.02 1.40 1.00 1.00 
4 1.00 1.00 1.90 2. 56 2.90 2.46 2.81 2.02 1.40 1.60 1.00 1.00 
1.00 1.00 2.14 2.64 2.90 2.81 2.64 1.90 1.00 1.40 1.40 1.00 
1.00 1.00 2.35 2.46 2.98 2.81 2.90 1.90 1.00 1.00 1.40 1.00 
5 1.00 1.'1-0 1.90 1.00 3.21 2.B1 2.46 1.90 1.75 1.00 1.00 1.00 
1.00 1.00 1.75 1.75 2.B1 2. 56 1.90 1.60 1.40 1.40 1.00 1.00 
1.00 1.00 1.90 2.02 3.13 2.B1 2.02 2.14 1.40 1.40 1.00 1.00 
6 1.00 1.00 3.21 3.45 2.73 3.93 3.28 2. 56 2.02 1.00 1.00 1.00 
1.00 1.00 3.13 ~-56 3.45 3.87 3.21 3.81 2.14 1.00 1.00 1.00 
1.00 1.00 2.90 3.62 3.13 3.75 3.21 3.J5 1.40 1.00 1.00 1.00 
7 1.00 1.00 2.35 1.75 3. f'.l 3.62 3.13 3.35 1.90 1.00 1.00 1.00 
1.00 1.00 1.60 2.02 3.75 3.99 2.B1 2.98 1.40 1.00 1.00 1.00 
1.00 1.00 1.75 2.73 3. 56 2.73 3.45 2.98 1.40 1.00 1.00 1.00 
8 1.00 1.00 1.60 3.21 3.45 3.21 3.45 2.90 1.90 1.00 1.00 1.00 1--' 
1.00 1.00 1.90 2.81 3.21 3.06 3.45 2.98 1.40 1.00 1.00 1.00 1--' a-
1.00 1.00 2.02 3.06 3.35 3. 56 3.45 3.13 1.40 1.00 1.00 1.00 
TABLE XXI CONTINUED 
SUBJEx::T #3: DISPLACEMENT SCORES 
Days 1 2 _3 ____ 4 __ .. - _5' 
Speed 
6 7 8 9 10 11 12 
9 1.00 1.00 1.00 2.73 2.81 2.81 2.90 3.13 1.40 1.00 1.00 1.00 
1.00 1.00 1.40 2. 56 2.73 2.64 2.81 2,;!,4 1.00 1.00 1.00 1.00 
1,00 1.00 1.00 2.73 3.06 3.13 2.90 2,46 1.00 1.00 1.00 1.00 
10 1,00 1.00 2.46 2,02 2.14 2.90 2.35 2,46 1.60 1.00 1.00 1.00 
1.00 1.00 1.90 2.35 2,81 2.90 2.73 2.35 2,26 1.00 1.00 1.00 
1.00 1.00 1.90 2,J.1. 2.73 3.21 2.90 2.14 1.90 1.00 1.00 1.00 
ll 1.00 1.00 2.14 2.64 1.60 3.06 2.73 2.73 1.00 1.00 1.00 1.00 
1.00 1.00 2.46 3.13 3.13 2.90 2.73 2.64 2.02 1.00 1.00 1.00 
1.00 1.00 2. 56 2;73 2.35 2.90 3.06 2.81 1.90 1.00 1.00 1.00 
12 1.00 1.00 2.14 2.35 2.73 3.13 2.35 1.40 1.90 1.00 1.00 1.00 
1.00 1.00 2.02 2,02 2.90 2. 56 2.35 1.40 1.75 1.00 1.00 1,00 
1.00 1.00 1.90 2.35 2,64 2.64 2.73 2.35 1.60 1.00 1.00 1.00 
13 1.00 1.00 2.73 2. 35 3.21 3.13 2.64 2.64 2,02 1.00 1.00 1.00 
1.00 1.00 2. 56 2,14 3.13 3. 56 2.73 2,81 1.60 1.00 1.00 1.00 
1.00 1.00 2.81 1.90 2.73 3.13 2.73 2.73 1.75 1.00 1.00 1.00 
14 1.00 1.00 1.00 2.73 2.73 2.81 2.90 2.46 1.40 LIDO 1.00 1.00 
1.00 1.00 1.60 2.35 3.13 3.45 2.35 2.35 1.00 1.00 1.00 1.00 
1.~0 1.00 1.00 2.35 3. 56 2.90 2.35 2.35 1.00 1.00 1.00 1.00 
15 1.00 1.00 1.75 1.60 2. 56 2,26 1.90 2.35 1.60 1.00 1.00 1.00 
1.00 1.00 1.60 2.02 2.73 2.35 2.64 2.14 1.90 1.00 1.00 1.00 
1.00 1.00 1.60 1.90 2.81 2.73 2.46 1.75 1.40 1.00 1.00 1.00 
1-' 
1-' 
--.J 
TABLE XXII 
SUBJECT #3: DURATION SCORES 
Speed 
8 Days 1 2 3 4 5 6 7 9 10 11 12 
1 0 0 1.38 1.33 1.28 1.42 1.27 1.35 1.16 0 o. 60 0 
0 0 1.38 1.39 1.31 1.36 1.27 1.31 1.16 0.70 0.85 0 
0 0 1.30 1.46 1.32 1.35 1.30 1.23 1.28 0.98 1.16 0 
2 0 0 1.45 1.34 1.40 1.28 1.41 1.23 1.20 1.00 0.54 0 
0 0 1.27 1.26 1.27 1.32 1.27 1.28 1.15 1.19 0.74 0 
0 0 1.29 1.33 1.32 1.30 1.30 1.28 1.23 1.20 0.79 0 
3 0 0 1.08 1.35 1.08 1.22 1.34 1.16 0.90 0.60 0.95 0 
0 0 1.10 1.28 1.19 1.06 1.31 1.24 1.02 0.93 0.48 0 
0 0 1.02 1.20 1.11 1.06 1.32 1.11 1.10 o. 70 0.70 0 
4 0 0 1.22 1.29 1.27 1.22 1.19 1.26 0.70 0.85 0 0 
0 0 1.22 1.40 1.27 1.31 1.18 1.00 0.40 0.98 0.65 0 
0 0 1.26 1.31 1.36 1.42 1.30 1.13 0 0.74 0.48 0 
5 0 0.81 1.28 0 1.26 1.30 1.18 1.26 0.98 () 0 0 
0 0.70 1.18 1.20 1.34 1.16 1.11 1.13 0.81 0~95 0 0 
0 0 1.13 1.20 1.38 1.24 1.30 1.16 1.00 o.6o 0 0 
6 0 0 1.2~ 1.37 1.36 1. 54 1.28 1.13 1.13 0 0 0 0 0 1.2 1.33 1.19 1.36 1.38 1.35 1.16 0 0 0 
0 0 1.24 1.39 1.29 1.32 1.23 1. 26 0.95 0 0 0 
7 0 0 1.11 0.98 1.36 1.26 1.11 1.27 1,10' 0.48 0 0 
0 0 1.00 0.90 1.33 1.33 1.20 1.11 0.85 0 0 0 
0 0 1.19 1.26 1.37 1.32 1.15 1.20 0.70 0 0 0 
8 0 0 0.81 1.29 1.29 1.20 1.28 1.15 0.79 0 0 0 I-' I-' 
0 0 1.13 1.18 1.31 1.29 1.37 1.33 o.6o 0 0 0 CD 
0 0 1.22 1.30 1.32 1.28 1.32 1.22 0.65 0 0 0 
TABLE XXII CONTINUED 
SUBJEX:!T #3: DURATION SCORES 
Days 1 2 3 4 '5 
Speed 
6 7 8 
.9. 10 11 12 
9 0 0 0 1.24 1.20 1.16 1.28 1.23 0.85 0 0 0 
0 0 0.90 1.29 1.16 1.08 1.35 1.16 0 0 0 0 
0 0 0 1.11 1.30 1.15 1.16 1.15 0 0 0 0 
10 0 0 1.10 1.38 1.18 1.38 1.18 1.08 1.20 0 0 0 
0 0 1.22 1.23 1.22 1.26 1.18 1.10 1.19 o.6o 0 0 
0 0 0.95 1.02 1.10 1.29 1.18 1.10 1.00 0 0 0 
11 0 0 1.23 1.27 0.54 1.28 1.3g 1.04 0 0 0 0 0 0 1.44 1.44 1.16 1.29 1.2 1.22 0.98 0 0 0 
0 0 1.38 1.57 1.10 1.41 1.28 1.19 0.88 0 0 0 
12 0 0 1.11 1.00 1.26 1.16 1.20 o.9'5 0.90 0 0 0 
0 0 1.18 1.02 1.28 1.32 1.27 0.65 0.98 0 0 0 
0 0 1.15 1.20 1.20 1.29 1.31 1.22 0.74 0 0 0 
13 0 0 1.34 0.95 1.28 1.28 1.10 1.22 1.36 0 0 0 
0 0 1.37 0.98 1.46 1.29 1.20 1.31 1.16 0 0 0 
0 0 1.36 1.13 1.32 1. 53 1.39 1.26 1.04 0 0 0 
14 0 0 0 1.16 1.18 1.19 1.24 1.28 0.74 0 0 0 
0 0 1.23 1.29 1.24 1.28 1.04 1.18 0 0 0 0 
0 0 0 1.18 1.35 1.27 1.11 1.31 0 0 0 0 
15 0 0 1.04 1.15 1.11 1.16 1.36 1.27 1.18 0 0 0 
0 0 1.08 1.08 1.24 1.22 1.11 1.16 1.06 0 0 0 
0 0 1.22 1.33 1.40 1.23 1.19 1.02 0.85 0 0 0 
1-' 
1-' 
'-0 
TABLE XXIII 
SUBJECT #4: DISPLACEMENT SCORES 
Days 1 2 3 4 5 S~eed 7 8 9 10 11 12 
1 1.00 1.00 1.75 1.90 3.75 2.73 2.14 1.90 2.14 1.40 2.02 1.00 
1.00 1.00 1.40 2.02 3.13 3.13 2.46 2.26 2.14 1.90 2.14 1.00 
1.00 1.00 1.40 2. 35 3.13 2.81 2.02 2.35 2.14 2.02 2.56 1.00 
2 1.00 1.00 1.90 1.40 2.73 2.14 2.02 3.13 2.02 2.14 1.40 1.00 
1.00 1.00 1.75 1.90 2. 56 2.64 2.46 3.56 1.75 2.02 1.40 1.00 
1.00 1.00 1.75 2.46 2.46 2.02 1.90 3.62 2.02 2.46 1.40 1.00 
3 1.00 1.40 1.40 2.81 2.46 2.02 a.73 2.14 1.40 1.40 1.40 1.00 
1.00 1.00 2.02 2. 73 2. 56 2.02 2.46 2.26 1.40 1.40 1.40 1.00 
1.00 1.00 1.90 2.35 2.46 2.14 2. 56 2.14 1.60 1.90 1.60 1.00 
4 1.00 1.00 1.40 2.14 2.46 2. 56 1.90 1.75 2.73 2. 56 1.00 1.00 
1.00 1.00 1.40 2.46 2.02 2.14 2.02 2.02 2.64 2. 56 1.40 1.00 
1.00 1.00 1.40 2. 56 2.46 2.14 2.14 1.75 2.46 2.46 1.90 1.00 
r:: 1.00 1.00 1.40 1.40 1.90 1.90 2.46 2.26 2. 5'6 2.02 1.40 1.00 
.I 
1.00 1.00 1.40 1.75 2.14 2.14 2.26 2.46 2. 56 2.46 1.60 1.00 
1,00 1.00 1.40 1.90 2. 56 2.02 2.14 2.02 2.46 2.46 1.75 1.00 
6 1.00 1.00 1.90 2.26 2.26 2.46 2.02 2.02 1.90 2.14 2.35 1.00 
1.00 1.00 1.90 2.26 2.46 2.26 2.26 2.02 1.40 2.26 2.46 1.00 
1.00 1.00 2.14 2.02 2.26 2.26 2.46 2.14 1.90 2.14 2.46 1.00 
7 1.00 1.60 1.90 2.81 1.90 2.02 1.90 1.90 2.14 1.75 1.00 1.00 
1.00 1.40 2.35 2.46 1.90 2.02 2.02 2.14 2.46 1.90 1.00 1.00 
1.00 1.40 2.26 2.64 1.90 2.02 1.90 1.90 2.02 1.90 1.40 1.00 
8 1.00 1.00 L!SO 2.02 2.14 2.14 2.46 2.35 2. 56 1.75 2.02 1.00 1-' 1\) 
1.00 1.00 1.90 2.02 1.90 2.14 2.26 2.02 2.73 1.60 1.90 1.00 0 
1.00 1.00 1.90 2.26 2.02 2.14 2.02 2.35 2.46 1.40 2.02 1.00 
TABLE XXIII CONTINUED 
SUBJECT #4: DISPLACEMENT SCORES 
Days 1 2 3 4 5 
Speed 
6 7 8 2 10 11 12 
9 1.00 1.00 2.14 2.14 2.14 1.90 2.26 2.14 2.02 1.90 1.00 1.00 
1.00 1.00 2.14 2.14 2.46 1.90 2.26 2.26 2.02 2.02 1.00 1.00 
1.00 1.00 2.02 2.14 2.46 1.90 2.35 2.14 2.02 1.90 1.00 1.00 
10 1.00 1.40 1.60 1.40 2.14 2.02 2.02 2.35 1.90 1.90 1.40 1.00 
1.00 1.00 1.90 1.60 2.02 2.35 2.14 2.35 1.75 2.02 1.60 1.00 
1.00 1.00 1.60 1.60 2.26 2.26 2.14 2.26 1.90 2.02 1.40 1.00 
11 1.00 1.00 1.75 1.90 2.14 2.02 1.90 1.90 2.02 1.60 1.90 1.00 
1.00 1.00 2.02 2.02 2.35 2. C'·2 2.02 1.90 1.90 l. 7? 1.60 1.00 
1.00 1.00 1.90 2.02 2.26 2.02 1.90 1.90 1.90 1.90 1.60 1.00 
12 1.00 1.00 1.60 1.90 2.14 2.14 2.26 1.90 1.60 2.02 1.60 1.00 
1.00 1.40 1.40 1.90 2.14 2.02 2.02 2.02 1.90 2.26 1.40 1.00 
1.00 1.40 1.60 2.02 2.02 2.02 2.14 1.90 1.90 2.02 1.40 1.00 
13 1.00 1.00 1.60 2.73 2.02 1.90 2.02 2.02 2.02 1.75 1.60 1.00 
1.00 1.00 1.40 2.35 2.02 1.90 1.90 2.02 2.02 1.60 1.60 1.00 
1.00 1.00 1.60 2.26 2.14 1.90 1.90 1.75 2.14 1.60 1.75 1.00 
14 1.00 1.00 1.90 1.60 1.90 2.02 1.90 1.90 2.02 2.02 2.02 1.00 
1.00 1.00 1.90 1.90 2.02 2.14 2.02 1.60 l. .:.o 1.90 1.90 1.00 
1.00 1.00 1.90 1.90 1.75 2.35 2.02 1.90 1.90 1.90 1.40 1.00 
15 1.00 1.00 1.60 1.60 2.64 1.75 1. 75' 2.14 2.02 2.02 1.40 1.00 
1.00 1.00 1.75 1.60 2.46 1.90 1.90 2.26 2.26 1.60 1.40 1· )0 l.oc 1.00 1.60 1.90 2.64 2.02 2.02 2.14 2.14 1.90 1.60 1.00 
I-' 
(\.) 
I-' 
TABLE XXIV 
SUBJECT #4: DURATION SCORES 
Days 1 2 3 4 5 
Speed 
6 7 8 9 10 11 12 
1 0 0 1.20 1.10 1.37 1.33 1.18 0.90 1.16 0.98 0.70 0 
0 0 1.18 1.23 1.34 1.34 1.15 1.23 1.04 1.02 1.00 0 
0 0 1.06 1.33 1.43 1.36 1.11 1.23 1.00 1.15 1.08 0 
2 0 0 1.26 1.20 1.13 1.30 1.15 1.13 0.98 1.19 1.02 0 
0 0 1.11 1.23 1.19 1.19 1.24 1.22 0.79 1.18 1.02 0 
0 0 0.93 1.23 1.16 1.20 1.16 1.20 1.10 1.00 1.02 0 
3 0 0.40 0.88 1.19 1.20 1.00 1.18 1.08 0.54 0.85 0.65 0 
0 0.65 1.10 1.15 1.18 1.06 1.10 1.04 0.70 0.85 o.6o 0 
0 0 1.13 1.13 1.22 1.08 1.11 1.22 o. 54 0.98 o.6o 0 
4 0 0 0.81 1.22 1.04 1.20 1.13 1.08 1.27 1.18 o.65 0 
0 0 1.11 1.29 1.15 1.15 1.08 1.00 1.19 1.06 o.6o 0 
0 0 0.85 1.29 1.15 1.28 1.13 0.98 1.15 1.23 0.81 0 
5 0 0 0.81 0.95 1.13 1.08 1.23 1.31 1.08 1.08 0.93 0 
0 0 o. 79 1.00 1.24 1.23 1.30 1.29 1.08 1.23 1.27 0 
0 0 1.04 1.13 1.33 1.20 1.15 1.26 1.26 11.11 1.28 0 
6 0 0 1.28 1.36 1.33 1.40 1.35 1.32 l.t 1.33 1.22 0 0 0 1.19 1.48 1.37 1.49 1.32 1.29 o. 5 1.35 1.28 0 
0 0 1.36 1.37 1.24 1.42 1.38 1.40 1.31 1.24 1.38 0 
7 0 1.o:::: 1.15 1.26 1.08 1.23 1.15 1.00 1.28 1.00 0.40 0 
0 0.81 1.20 1.28 1.22 1.23 1.39 1.38 1.23 1.13 0.40 0 
0 0.95 1.22 1.24 0.90 1.24 1.13 1.19 1.19 1.27 o. 70 0 
8 0 0 1.24 1.46 1.37 1.39 1.39 1.51 1.49 o.6o 1.29 0 f-1 
0 0 0.98 1.30 1.16 1.33 1.41 1.40 1.40 1.04 1.31 0 !\.) !\.) 
0 0 1.19 1.40 1.51 1.35 1.41 1.29 1.43 0.81 1.32 0 
TABLE XXIV CONTINUED 
SUBJECT #4: DURATION SCORES 
Day_~;~ - _1 ___ 2 __ - 3 4 2 
Speed 
6 z 8 2 10 11 12 
9 0 0 1.26 1.20 1.48 1.37 1.41 1.34 1.34 1.47 0.48 0 
0 0 1.19 1. 52 1. 5'3 1.29 1.37 1.32 1.30 1.46 0 0 
0 0 1.26 1.43 1.47 1.27 1.67 1.44 1.30 1.41 0 0 
10 0 o. 70 1.30 1.04 1.26 1.41 1.45' 1.43 1.11 1.26 o. 95' 0 
0 0 1.20 0.90 1.33 1.41 1.41 1.46 1.29 1.33 1.06 0 
0 0 1.22 0.90 1.36 1.46 1.45' 1.37 1.16 1.26 0.79 0 
11 0 0 1.06 1.24 1.27 1.29 1.2~ 1.2~ 1.32 0.93 1.13 0 0 0 1.32 1.27 1.45' 1.24 1.2 1.1' 1.35' 1.00 0 ;_9) 0 
0 0 1.24 1.32 1.44 1.36 1.11 1.23 1.23 1.00 0.93 0 
12 0 0.70 1.32 1.19 1.18 1.45' 1. 5'0 1.32 1.02 1.04 1.00 0 
0 0.95' 0.98 1.19 1.16 1.47 1.34 1.37 1.43 1.27 0.85' 0 
0 0.95' 1.02 1.19 1.19 1.43 1.26 1.31 1.13 1.47 0.79 0 
13 0 o.6o 1.15' 1.38 1.27 1.11 1.32 1.41 1.38 1.30 1.02 0 
0 0 1.04 1.35' 1.31 1.39 1.19 1.43 1.15' 1.08 0.88 0 
0 0 0.98 1. 45' 1.33 1. 35' 1.34 1.47 1.2P, 0.79 1.10 0 
14 0 0 1.28 0 .85' 1.19 1.39 1.20 1.31 1.27 1.47 1.19 0 
0 0 1.47 1.34 1.23 1.43 1.26 1.23 1.11 1.28 1.11 0 
0 0 1.35' 1.32 1.28 1.47 1.19 1.27 1.24 1.30 o. 79 0 
15 0 0 1.08 1.11 1.19 1.38 1.08 1.30 1.32 1.19 0.65 0 
0 0 1.06 0.79 1.22 1.33 1.28 1.23 1.22 1.08 0.5'4 0 
0 0 1.08 1.31 1.28 1.11 1.20 1.35 1.20 1.13 0.40 0 
I-' 
I\) 
w 
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ABSTRACT 
The purpose of the present study was twofold. First, a 
new technique for assessing the extent of the spiral after-
effect was utilized; and second, one parameter of the spiral, 
speed of rotation, was systematically examined. 
The recent literature on the spiral has consisted of 
establishing the diagnostic ability of the instrument for or-
ganic subjects. Examihation of the parameters of the instru-
ment itself has been limited by the lack of an adequate tech-
nique for assessing the extent of the aftereffect. 
None of the extant theories were capable of predicting 
either the direction, of expansion or contraction, or the 
function of speed on the aftereffect. A post hoc explanation 
was offered to explain the effect of speed on spiral after-
movement by an extension of the statistical summation theory. 
The following prediction was based on pilot data with the in-
tent to determine if speed was a stable general function of 
the aftereffect: 
As spiral rotation speed increases from zero to fusion, 
the aftereffect will first increase and then decrease. 
A population of responses was sampled from four male em-
ployees of a Veterans Administration Hospital. Twelve speeds 
of a hyperbolic spiral were selected: o, 3, 12, 21, 37, 61, 76, 
94, 134, 200, 260 and 500 rpm. Each speed was presented three 
consecutive times in random sequence each day for fifteen days. 
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~he two measures were duration and displacement. The inspec-
tion period was 30 seconds. The experimental hypothesis 
tested was: 
General Hypothesis: 
The speed of rotation of a spiral will determine the ex-
tent of the aftereffect when other variables are controlled. 
Specific Hypothesis: 
As speed of rotation of a spiral is increased from zero 
to fusion, the aftereffect will increase and then decrease. 
A three classification analysis of variance was applied 
to the data. The specific hypothesis could be supported for 
all four subjects. The data supports the assumption that the 
curvilinear relationship is a stable general function. Unex-
pected findings were that there was a significant effect over 
d~ys, and a significant effect of days x speeds interaction. 
Further analysis of days revealed no general trend for all 
subjects. Further analysis of S x D by analysis of runs re-
vealed that few days actually departed from pattern. The S 
x D interaction was interpreted to mean that idiosyncratic 
changes occurred for all subjects across days and speeds. It 
was pointed out that speed absorbed such a large part of the 
variance that the resulting error term was small and therefore 
this interaction, which might otherwise have been random, was 
statistically significant. 
Displacement was found to be the most stable measure of 
the aftereffect. Correlation of the two measures showed them 
to be highly correlated, An examination of modal speeds re-
vealed for all subjects there is no stable optimum speed for 
the aftereffect, but in general it is between 37 and 76 rpm. 
Individual differences were manifested by the overall magni-
tude of the aftereffect, 
Implications of the experiment were discussed. In gener-
al, the results were consistent with the main body of figural 
aftereffect literature. The differences between the Archimedes 
and hyperbolic spiral were discussed as they applied to the 
phenomenal experience. Finally, suggestions were made con-
cerning further research which might be carried out which would 
be important for development of future theories to account for 
the spiral. Predictions for organics were discussed, 
The conclusions which may be drawn are: 
1. Under the conditions of this experiment, the spiral 
aftereffect rapidly increases, then gradually decreases 
as a function of ascending speeds, 
2. Although speed is a stable general function, there 
are individual differences in magnitude of effect. 
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